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MULTICATALTTIC PROTEASE INHIBITORS 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of 
.ni«d States application serial nu^nber ^^^'"S filed aune 
5, 1995, which is a continuation in part of "-^^^ " 
.;plication serial nuxnber 337 ,795 filed Novenvber 14, 1994. 

FIELD OF THE IHVENTIOH 
This invention relates to inhibitors ot 
„„lti=at3iytic protease ,HCP,. to compositions includ.n, 
such inhibitors and to method, for the use of MCP 
inhibitors to. for example, retard loss of muscle mass 
incident to various physiological states. 

BACKGROOllD OF THE IHVENTIOH 
Eukaryotic cells constantly degrade and replace 
cellular protein. This permit, the cell to "'-"^^^ 

- -Tert-rr:: z^zz::^::^^ 

C~:;iror:::ulatory pept^e. a„d to P.vid. 

a„.ino acids for energy when necessary, as xn s 

■ ::-r:; -r. ^re cria::ecrn:s.r:f ^ 

U f!r mlltipL pathways for protein breaXdo^- o • 
of these pathways appear to 
form of adenosine triphosphate ( ATP ) • 
5 A.L. & St. John, supra. 
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Multicatalytic protease mrp .v 
referred to as -mm^ f ^ ' typically 

«u to as multicatalytic proteinase - - 
"multicatalytic oroi-^ • f^oxieinase, "proteasome, - 

29(45) 10289-10297 figgn^ M. Biochemistry 

.0 ....... ^Zxn.r:e::r:::;",r 

Ulce activity „herei„ peptide bcndrare c, ' ' h' 
carbcyi siae of t„ic a„i„o ,ci.. " 

activity ..er.i„ peptide .on. . ci:av^"aT\'"- 
carboxyi si.e o, hydrophobic a.i„o acids a„d^3 
15 activity wherein peptide bonds are cieaved v' °" 
s"e of glut^ic acid. 5e. Rivett 17 f » ! 

" -'cr.ch.„ovh""L' r"::o:2'"""-- 

This route which r- -^-^ocAerz. 51:335-364 (1982). 

*^hich requires MCP atp *r,^ w 

• t^--?.^. 86:787-791 moaqv ^ ^ . 

degraded by this (1989). Proteins to be 

cy tnis pathway are covalentlv bm.nH ^„ w 
via their lysine amino „ -^^ntiy bound to ubiquitin 

-.^uitin-ci: a^rpZ^i"s^:t""""" 

10 small peptides by an ATP-deoe^d / degraded to 

-3 proteaso„e. r^ch con t n' t IIT": 7T 
core. Goldberg a L r v Proteolytic 
( 1992). ^^'^"^ 357:375-379 

^ «crr 

rg, A.L., supra. i„ this process, „cp hydrolyz.s 
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„. in an ATP-dependent manner. Se. Goldbsr,, A.L. I 

suggested that in muscle, MCP 
However, xt has J^^^" ^ protease, 
5 functions synergxstically ^^^i^^ated breakdown of 

„„.upa.n .... ::::: s..r.. 

/.en .e.o«e. -—J-"" ^eUu. 
p.„eoly.ic .echanis. ,,„„„.ne «»iau,. 

protease. See SeeMli „ ,,,,5, 258 522-523. 

5S2, Gold.er,. ^=^j^7^;,^;/i;„uular pro.ein 

. : a\« V P~. ^«.r.i„e whether 

15 synthetic and degradative p .^normal loss of 

p„tein is accumulated or lo.t^ J ^^^^^^^ 

protein mass is "-"'"^ " cachexia. ..phy.e.a, 

such a. muscular dystrophy, cardia leukemia, 

leprosy. "'^-""^-'^nTl: ; ^ss is also observed 
JO and cancer cachexia. Loss of mu 

in a,in,. Ion, t^» ^n rCI^e^M. pa.n. 

confinement to bed. and ^" = .v-letal muscles 

With denervation or d.suse s,<ele ^^^^^^^^ 

undergo rapid -""f^J-: /rrj:.!!: strength. Xhis 
„ in si.e. ~\::p„„,nt of many neuromuscular 

,,.„phy .s " -f/"^;,, J„,„. of protein br.aKdown has 
diseases in humans. Enna ^^^^^ „asting in 

been implicated as the primary c a- 

denervation '""P^^; ,^7"":;,'. specific process or 

30 265/15.8550-B557 ' ' ' J^^^* i,,u in muscle has not 
processes involved .n P"" "/^f^, J. u„,i„, the 
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tu««ori, A. et al. pj^^ *" "Ported. 

conpLx are "^LM-'sncH^llT^" °^ ^""^"^""9 the MCP 
0 vaiuawe tool for both tK """^ " 

for e,»p.: -ra^::::-:- 

the .ecical field, m J^'l' « « tho„ i„ 

Oeleteriou, .ffe^t. of abno™ ,' ""'•"Pl". control the 

- ~ -e„tio„'ir::r::;ertrr"."" 

these important ends. 
The „ °'' I«VE«TION 

-Uloatal.lo~e~ ^^-^ '^^ " 
-vention also comprises nethois T ""1'" 
•ssooiated with certain disorde! =i MCP 

»f ".uscle wasting disorders. """■'Ins the treatment 

In one asoecr 

fcrrnula; Provided compounds having 



O O 

l( ^ 



''-(CH^-CH-C-NH-CH-^-NH- 



25 



30 



Consitutent members are rio*- . 
preferred constituent Z:;:"" " « 

-iet. of":p;~ - • 

be employed i„ research 'ao^r ""P^nds may 

^--iop i. "1""" " and 

-n^erstandin, of the «CP paThwaT^nVr 

pathway and for presentation of 
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pepti.. .nti,.n. v.. .-Jo. Hi=«co.p«..iU.y complex 
class I (MHC I) pathway. 

comprising 

.K. Claimed =°»P-"f ™.», tr.«in, 

5 activity, decreasing the ,„per=xide dismut.s. 

— """^rtin'n'd chLact^uea . 

dearadation and trea-cxny 

• of suoeroxide dismutase activity. 
„du=tic„ M^supero.^^ also are presented .or .a.l., 

- compounds oe tne —n^^^^^^^ ^ 

.et .crtH ir:,pandad «cr» a, tHe disclosure continues. 

BRIEF DESCRIPTION 07 THE DRAHINGS 

... .ff«ct ot embodiments of the 
Pig.re I Shows the effect of 

15 disclosed MCP inhibitors on processing 

OVA by M12.B6 cells. concentration on 

Figure 2 shows the effect ox 

„f r,rncessing by an embodiment of the 
the inhibition of processing / 

invention. ^(^r-r of OVA concentration on 

Ei^e 3 shows t e e«. t of^ 

the inhibition o£ processing by an »m> 

invention. „k„.ical map defining the SOD-1 

Figure 4 shows a physical m p miction 
,.„e and the location of the EALS mutations, 

„ sites and the P/^'" j^^ ^antltatlon of SOD-1 levels 

Figure 5 '"""'J^' J incubation with 

m transiently Inhibitors. 

3 Of , ose response of various SOO-l 

30 isofor.. to an embodiment of t- . ,„„„ion 

Figure 7 shows that sod 
of MCP activity. 

„.„.E0 OESCRIPTIO« OP ^ ^r"" 
This invention P""='" „,,hod= of 

35 compositions Including these inhibitors 
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«ing these inhibitors. The mcp ■ . • 

invention a.e -presented LrjC;'?" 

or example by the formula: 



wherein: 



H is I ™-SO,R„ and -NH-J- 

B **6-J, and -R,-CN- 

-CCOJCHF,, -ecoicr r, -C("0)CH,F, 



LL. M and f 

(012*, 0— W, 0, NH 

\ / 



wher independently, are 2 or 3 • 

w is cycloalkyl; ' 

R. is -(CH,).-MH-C(.((H,.„H-. 

'^y-L naving from one to eloh^ ^ u 

■-o eight carbons, said 
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«^ionallY substituted with one or more 
alkvl group being optionally su 
alley J. g f heteroaryl groups; 

halogen atoms, aryl, or f^l^ J consisting of -0, 

K. is -^-"^ ^^;"„^'^j:o.cH.-C.H,, .NNH-C(.S)-NH. 
.N-NHC(»0)-NH., -N-OH, "N-OCH,, 

5 and ^^^^^ group consisting of 

having from one to six carbons, said 
hydrogen and al)cyl having fr „^ „o,e 

alkyl group being optionally substxtut 

«roms aryl or heteroaryl groups ; 
halogen atoms, aryj. 

J is a protecting group; 

„ is an integer from 3 to 10; and 

„, is an integer from 2 to 5 . 

in some preferred embodiments R. is -C N 
.,^,0)0CH3, .phthalimido or .NH-SO.Cr and - 

,5 preferred embodiments R. is H or -V-^^P^"^/ * 

15 preterr f^^,v,iv -(CH,),-NH-C(-N-R5)-NH2. 

^"pvrr.^cU:; -b,oh., -c..c,c..o,hh-. 

or has the structure: 

p«f.r.Wy -«0., -C», -PMC, -MT.. -MTS. o. 
„, i3 preferably -CHICH.h- -(CH.)=-C»., -».-=«.. 
R. i, preferably -0, .»-0H, -N-O-CH.-C.H,, 

=NNH-C(-0)-m, or . 1, .C(.0)OCH„ 

in .=»e preferred e.nbodi».en« R, 1» I 

p.Kall.l.o or -0. 

,CH ,,-NH-C(-H-NO:)-HH, or 
cyclopenryl; R, » -^CH,, « ( .o. 

-'"'>'-"rn': ; - 'pref-rre. e^o.l.e„« K, 1. CH, R, 
.yclopen.^!, R. 1= .-KH-C, .»-H0., - 



20 Tos. 

or -C^Hj. 
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-(CH,),-KH-C(.N.J,.^„,. 

AS used herein tho ? ""-^-CH^-CH, . 

-J "erexn, the term "alkvl - ; . 

include «r.ight-chaia, branch.d .nd , " 
'"^h « ethyl, tsopro^', and c' , "yl-oc.rbon, 
Substituted al^i IZlt Z :iT,T^' 

hydrogen etcs have been re^L^T °™ « 

hydrocarbon group, ,,or e.^u ^T, f 
heteroaryl group, or a ,roup in ^h^ch o"'' ' 
.to„, are interrupted by o^e" Tl " ""^ 

.roups have l to about e caTl" ""^^ 
the ter» -halogen- ha, L usuaV 
"-ri„e. Chlorine, bro." e and io^it"' 
teihg a preferred halogen Th. , "•'°'^i->» 
" present invention ha. - -1"" " 

in the 

--lation for the ..i:o"r:\:X"nV: 

contain Prl^rng^tr'^urdT 
-protecting groups- 1. L h P^r"* 
interpretation. ProtectLo * '"'^ 

Chemical functional groups th^T: T '^^ " 

appended to and removed frorr "^-tlvely 
hydroxyl groups, a„lno grouTs r;:""":""" ' " 
groups are present in a cZ T ''""P'" 
functionality inert to chlrcal " ""^^^ 

-ich the compound is .^Zl ZyT '° 
protecting groups „ay be'e„ployed ^it, t J"'"^' °' 
invention, one such Drot»,.r- Present 
.roup, other PreferreTpr e'cUnr' ^"""^^""^ 
invention have the UuX^^ToZlllT 



20 



wo 96/14857 



10 




PCTAJS9S/14921 

- 9 - 



NfTS 

MTR 



PMC 
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.ur.her representative ^^^/^7 ^ .nd 

practice in the invention .ay be found 
Lts, P.G.M., -protective C^roup. in Or.an.c Synthesi 
Ed Wiley ^ sons, 1991, the disclosures of wh.ch are 
Ed., Wxley reference in their entirety, 

hereby incorporated by activity has been 

AS Dreviously indicated, MCP actxviujr 

of MCP and because the usefulness of such 
activity of MCP, ana ^^earch and therapeutic 

compounds can be applied to both re of MCP 

settings, „ethodolo,les for ^"^^^"-'^f „Lon 
by contacting the MCP with a ''\^",„,,„, a 

include providing the compound to . -ar^al, includ 
K .„ as a medic^nent or pharmaceutical agent, 
human, as^ m^e^^ .,„„ta=tin,- means 

. ^- ^i-w rausinq placement together ot 
directly or — "^^^ ""^^^^ ,He moieties come into 

"°"""l ronracHi:: ^h clr. contacting thus 
physical contact witn olacing the moieties 

includes P^y-=- : aL nlsU'rln, moieties to a 

, together in a container, or , compound of 

patient. Thus, '-^J^::^ ^e L-^"' ' °' 
the invention to a hui«an P'"'" aberrant 
disorder associated with -^"-^'"^''l'^ 3„,, ,i„as. 
activities ot MCP Which are associated with 
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or disorder, falls within the scope of th. h . • 

term "contacting.- definition of 

physical condition, . di,«„ o. p«hlnh 
condition associated wi,>, >, *""''<=P'>ysiological 
activities of HCP Ja d- '^""^ 
composition, oft,. Tint ""^ 

""tin, „^ .uscia'J,/":::r"^ ' 

"aating disordar. Thea. in., ^ ' """"l^ 

cardiac cachaxia .!! ' ~'c"lar dystrophias, 

v-uexia, emphysema, leoro-sv „ , 
osteomalacia. Child acut. , ' ^""^^y- ""^l nutrition, 
^5 cancer cachexia. "<=hexia and 

In the context of i-ha • 
means introduction of the "administering" 
a patent. Prefarr.d ..athods o£ ad,., ""Position into 
intravanous, .uboutanaou, and '"^""'""on include 
20 ad„inistration. .r.ZTltl ''''^'" 

»^i.iste.ed as a P^alte'lt cri"::!""^ ""^ ^ 
the compound i„ co^i„ation Wt\ T"^"""- comprising 
acceptable carrier such POai^aceutically 
-itabl. carriers c.rb. , ^.'^""'"^^"^ """e. other 
25 PAar^aca.ticai ^L! " *e».inytc„ 

aucjcai Scaances (Mack Pub. Co. E„r„„ „. 

The concentration, of the . ' "'"I- 

in a Pha^aceutioal coL ""P""""' =lascribed 
"Poh a nu^er of factors incT"'"" '"^ ^'""-^"^ 

to be ad«,inistar.d t^a Ih """^ "r^S- 

30 i-ydrophobicity, Of 'th. " (..,., 

Of .dminiatration m """""'^ ro^;, 
invention ^ provid'aTfn'a""'' 

-f-r solution crntaitnVrbo* t*:"r:: r;;r'"" 

for parenteral administration. Typicar do 
5 from about 1 ug/k, to about 1 ..^oTt T 

a preferred dos. range is from'about oT^r^k"": 

- -eight per day. .he praf^edria:: oTdrug 
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to .dn,i.ist«ed is lilcely " depend on such v.rx.bl.s 
„ ,he type .nd exc.n. of progression of Che d.sea . or 
disorder, the overall health status of the particular 
:itient. the relative biological efficacy of the compound 
5 selected, and for»ulation of the compound excipient. and 
its route of administration. As used herein the te™ 
'patient- denotes any type of vertebrate. Preferably, tne 

natient is a human. 

The muscular dystrophies are genetic diseases 

10 which are characterized by progressive ^f^" j'^..^, 
degeneration of .uscle fibers without 
degeneration. In Duchenne .uscular dystrophy (DMD) 
patients display an average of a 67V reduction in muscle 
Ta and in .yitonic dystrophy, fractional .uscle protein 

IS :rt;esis has been shown to be decreased by an average of 
7.. without any corresponding decrease in non-.uscle 
p.otein synthesis (possibly due to '-^^'^^^^'^'ZlZr.... 
Response to anabolic hormones or -^""^^^ " ^^^^ 
protein degradation has been demonstrated m the muscles 

20 of DMD patients. 

severe congestive heart failure (ChF) is 
cv-a^acterized by a "cardiac cachexia." i.e.. a muscle 
c..a-ac.er- y cardiac and skeletal muscles, 

protein wasting of both the ca ^^.^^ 

with an average 15V body ^^^^^^^^/^^^^ myofibrillar 
25 cachexia is caused by an increased rate of my 

protein breakdown. .i„.^narv 
Emphysema is a chronic obstructive pulmonary 

include coughing, -h.ezing. recurrent "JJ;;'^°7^,„„,„,, 
infections, edema, and functional -P"-'" 

TbP efflux of tyrosine is mcreasea oy 
Ufe-span. The efflux y ^^^^ 

3S -P^':"""°"=/"„^:f;^,;\.,,ine oxidation is increased, 
remains normal, whole booy j.,.„,s.d The result 

and Whole-body protein synthesis is decreased. 
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is a decrease in „,uscle protein synthesis • 

= in th."™. r"'°""°"- 

"asting of .mall „, ^ " '■' « 9ener«liz,(, 

clTcnic p,„Ul "h^^- i= to 

"«rity. "™ <li.ea,e progr.sslon and 

is associated win, . 
Which occur, ..tween the ^etacal.is oH: " 
"dex fl„,.,. „al„„trltioT 1, cl 

a.ia, ...ere „„acle wastin, "S-- 

Osteomalacia ic 

" "rickets- in children and .. ^""^ " referred to 

- - -^ed .y . softenin " trLl"":" " ^""^ ' 
n>ineralieation, with excess arV , ^ ^° '"P^^"^ 

P-n, tenderness, muscle I, tLT r'^" °' 
20 and overall weight loss it ^ -eaJcness, anorexia, 
repeated pregnancies and lact!!!' ""^inutrition, 

:::r.ert\;^teVL°— ' ^^^^^^^ 

"ith an average 27% decre..! ieuJc.»ia, 

^isc a Simultaneous 33"", ' c" 
10 resulting i„ „o net chan 

U.i> Circumference " -^3" and 

occurs with va'rUbre'T"-." ' """"" ''^"""^ ""ich 
-ors and heltotgicarlT' ""^ 
■' c-he,ia is -anifest'ed aa : :h":"r"' , "-er 
^.epletion of .oth adipose TrsJue Z':''' 
^= - cause Of deathlhich rerit-^rcZ? ""^r 
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C.CH.XU P.ti.«. h.v. .hcrt.r surviv.l 
decreased respo.,. ro che.other.py. In .dd -.=n 
aiecrders »hich produce «scle 

circu.st.nc., .nd conditions .ppe.r « „. 
r. ro::r.U»ticn aue « iU„ess or in^ur^. 

•-^-:rirrrr:rrse,.re c..., o. 

p.i„ end i^proves^tuncti-^^ ^^^^ ^^^^^^^ ^^^^^^^ ^„ 

.e to »-;j-:reiet.r:u::n - 

^:s:ie power, .ut only . ..r,in.i reduction .n f.t 

n^^s^* ^ «:ari*ints suffering 

studies have shown that xn patxents s 

periods of txiue, decrease in muscle mass, 

wasting, with an average 31% ^^"^ corrected with 

Studies have also shown that this can ^« 
..tensive physiotherapy -we-; ^ ^^ ^J^^... with 
25 effective for many patients to effect mp 

drug therapy. anterior 
In alcoholics tnere x=» ^;«„sed bv 

, ..le This proximal muscle damage is caused by 
tibial muscle. This p ^ glycolytic and 

neurogenic ^^^^ I;iry' T-'dLage becomes 
30 phosphorylase enzyme ^ctivi y 

apparent and worsens the on „...costeroids 
.Xcohol abuse. Patients tre.t 

experience loss o£ muscle mass . i„„.=ellul.r 

35 mediator o£ j^„.. «ev. I».u„oi. 

Baeuerle, P.A. and potentially have 

12,141-179. inhibitors o£ MCP ther 



mass 

20 



30 
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HIT °' - x„«.™,„„^ 

th. «CP inhibitor. Of t,. i„ve„" o„ "'^""""v- 

"e.,ht 1„3 in „ «PPUcatio„s to counter 

HCP h.. h promote growth. 

" peptide .„ti,e„= .T.^!;::::''. presentation o, 

"««ch reagent, i„ T uUUty ,5 

diseases .„d disorders «hL '"'vi.tlon of 

"d/or ebno^el me-l processi"„" "i^" ^«r.nt 

precise origin ot »ost ef t" pi t d""''"" 
"Olecules is still not cleer end h P""«ed on khc-i 
«cently accu„„i„ed thatTp 
presentation (see Roc. et T ' "'^ 

disclosed HCP in,,,,„„ wbic'tf^ "tL"'"" " 
processing of antigens for «HC I Proteolytic 
""ful in resolvina th. < Presentation would bm 

-tving the ijnportance of i^k- 
surprisingly, it has P«hw,y. 
inhibitors Of the invention " ^"""^ "^P 

-ctivity Of cu/.„^te;o:::e"::„■':"" 

enzy„e. Accordingly the.. '"^O""'") 
re.earch setting, 'f^ the nv«tZT ^" 
=y«..s and in the treat„e„t of ' " °' 
disorder, characterized^v" ° V"""""'""^' - other 
•"ivity (i.e.. ^he^eit such a" d"'"" '""-^ "^^^ 
i-piicated in the oath^ reduction has been 

-ndition, include dteaJe":"' ""^ ' 

as p.rwn,o„., ::::::: ' "'""^'^ 

Huntington., di,ease disease. 

disease, stroke, trauma, and ischenia. 
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SCO.. . . ^'-I'lrtixT::::^^^^^ °r 
- "-^r rr. Li « - ...ic. .n. 

„ 0. .nd H.O.. SOD 1 

.ner.£or. .ct. 'Jj-J'^ normal 
5 detoxification o£ sup.roxiQ. job- 1 occurs primarily 

...products - «-Vu:rr-'c - vi«.aiiy 

i„ euK=ryot» and .s o ^^^^ ,^ 

:i;ri /i^r « o.,en to^icit. .nd ...n 
0 Ttivei/in^sti^ated ^'^^--trid'ar. ^^.s,. Se. 

Bannister et al., CKC t.jr-«- -„,„„oi 186:1-75 

Haiii-U et ax., «et.o.^ ^ .i--. 
,1590), Greenwald, rr.e «d. " „ 

t'atr p'Ti'act-iar access .Ken 
. therapeutic a,ent are its P naU-Ute in 

supplied exogenously. "^^^^nhalce the activity o£ 
serum. Therefore, compounds that ennan 
intracellular SOD-1 -ould provide a significant 
20 advancement in SOD-1 '^"erapy^ disorder caused by 

ttS is a progressive P"=^^^^\ „,<i „d 

degeneration of large »otor neuron f^the^sp ^^^^^^^ 

.rain. ^P^"-"*'^^ ..tosomal dominant trait. 

°" irxtr i f "nt"i.sens. mutations have been 
25 Recently, sixteen j^iUes with rttS and occur 

identified in a °' ^,.„. D.R., et al., 

within the gene encoding SOD .j., „^ture 

science 2SU1047-10n ' ' f ^^A; . decrease ih 

Tltoir e . ".rain tissue, and 
30 sOO-1 activity - "^/^ ;°ti the SOD-1 protein resulting 
h,ve been shown to """"^^^ j.. Bowling, A.C., 

increased turnover ° _ 'J^^ ,^,,3,, ,„„helt, D.R., 

et al., Proc. «ati. Acad. » ^^^^^^ „p(,„ 

35 Additionally, a "'"'-^'-"""""".ttteen SOD-1 and «.S, 
the implication of the connection between ^^^^ ^^^^^^ 

has been described. Brown, R-H. 
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We have discovered that our mcp inh-K- 
potent positive effectors of SOD-l T 
inhibitor, referred tn », • Preferred MCP 

5 degradation in . do«...p.X " 

designation, .re based upon tl Exalf 

■iiscio.es the synthe.i, Tf .7 ^ ""ch 

=.n-esi. o. c/sz::::::::zr- - 

^"/ra,. AS u.ed herein Z""" ^" ^''"■Ple 1», 

10 ™ans retardin, the rati at h " °' degradation 
catabolized. " P^tein is 

The invention is further 1 1 1 . 
way Of the follo.i„, examples x ' "''' 
intended to further elucidate the """'^^ 
15 intended to li.^, scope .f t/"^'"''""' 

°Pe Of the appended claims. 

Example I 

Isolation of inulticatai^^,- 

iticatalytic protease from human tissue. 
Samples of human liver anH k • tissues 
mortem were used for isolation . °^^«ined post- 

- - h, ion-e.chan,e ch::Lt ^^^^ ^ ^ of 

precipitation, and gel fiUratio ^"^^"e 
Goldberg, p..c. ^aj Ja^ c o'"'" "'"'^"'^ ^"^ 
Vamamoto et al bIo'J ' ^ 

(^586,. For eUh'; :r'-''°'''^" '"^ "^"^^^ 
25 homogenized in 10 ' ^^"^ 

contlining" : .^^^^ ^ — - (PH 

40^000 X g for 30 m!" -"trif ugation at 

chy.otrypsin-liL como ^^^^^ty of the 

xixe component of MCP rnniw k ^ 

the supernatant (see below. The/ ' 
30 fractionated on a DEAE s!rh ' '"^^^""-"^ 

equilibrated in h Flow column 

4 axDrated m homogenization buffer For , • 

supernatant, 250 ml of resin wa. !' ^"'^^^ °^ 

loading, the col^n was w s.ed " 'T^'""' "^^^^ 

homogenization buffer and H v°lu-es 
33 linear .aCl gradient ^^1:"^";^- » 
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.ctive fr^- on. were pooled and subjected to 
nreclpit.t-.n with (NH.hSO. et 80% s.tur.tion. 
precipitated protein, were collected by -Z'^;""' 
.e.u.pended in ho„o,eni»tion bu»er, and l-^'^ 
5 sephacryl S3O0HR col»n (500 »1 re.in ^^^' ^J'^^'" ^ 
been standardized using bcine seruB albumin (" 
Tingle pealc ct MCP activity wa. eluted with a »o ocular 
weight oi -650 koa. This preparation was free of o her 
.eaLrable proteolytic activities and maintained its MCP 
10 activity upon storage at 4"C for >6 months This 

preparation was used for most of the experiments Further 
fractionation of the preparation on an "V"-'^'^"/^^;^ 
Oltrogel column (Vama^noto et .1., supra) yielded a more 
h^hly purified enty^e, which according to ^-""""^ 
15 po yacr^lamide gel electrophoresis was c-P""" 

expected >10 subunits ranging in M, from 20 to 35 XDa. 

L^Hylor chy.otrypsin-U.e and trypsin-li.e activities of 

,0 The procedure for KPC isolation described above 

generated an enzyme complex whose proteolytic a"^-"-; 
Tere latent, but which could be activated by addrtxon o 

■ . ,n n7 . 0 05*1 of SDS (yamamoto et al., 
low concentrations ,0.02 ' ,,„yed 

supra, . The chymotrypsrn - like activi y 

,5 according to the following ^""-"^tuted /to 1 -'old in 
„icrotlter plates, human MCP was diluted . to 1 
h„»oaen -tion buffer containing 0.04% SDS. A 
To i:;t;ic substrate MeOSuc-EVKM-para-nitroan Ude 
, ..K„,vsuccinyl-Glu-v«l-Lys-Met-p».). purchased from 
imetho^cysuccinyl o pr„ssi., Pennsylvania was 

30 Bachem Bioscxence Inc., Krng of ^^^^ 
added to a final concentration o 100 .M fr 
solution of 10 mM in dimethylsulfox.de. 

„ere 200 .1 per well. After ^^J^";. p,, „.s 

, , 77^ the concentration o£ tree f 

periods of time at 37 C, tne c reader, reading 

-A r. ^ niotech EL-340 microplate reaaer, 
35 determined on a Bxotech EU . ^^s determined 

absorption at 490 nin. Protease activity wa 



IS 
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AVBiy, a fluorogenic substi-«i-a 
system, products, Dublin cAr T^ ^''°"""''" 
emission at 460 nm. ^"^^tation of 390 mn, and an 

The trypsin - UJce activitv of k 
' "sayed as described above with the 

modifications. Reaction, ^oHowing 

reactions were csryi^M 
glycerol buffer /dH 9 i;i =*^rj-ed out in Xris- 

substr«e, B.„,,i,^„ • «uoro,e„ic 

« "0 ™ „ ^^^^^^ «th a„ ^^^^^^ 

substrate hydrolysi. in. ~"dit«ns in „hich 

"nce„.ratXo„ „f f„e Proport.,„.i to the 



Example 3 



enzy„..s activity ,r T inhibition of the 

the activity o. a •co^p;:;:';" 

30 Preferably, the inhibitors of th • '""'^ 
--e. o. than abouTlo'^i^l lur"""" 

Inhibition of the chv™««. 
like activity of mcp was d^f "^''""'''^ °" 
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and repU«« experiments were pertormed for the 
inhibitors described herein. 

5 inhibition of Unweighting Atrophy .n juvenile Rats 
The effect of several inhibitors on the 

. of the soleus muscle in juvenile rats 

unweighting atrophy Hetai,oii.« 
was determined. See Tischler, M.E. (iSi'U) 

. "Tischler-1990") for a general 

39/7:756-7g3 (hereinafter Tiscftier i^s ; 

10 discussion of the procedure. 

Juvenile female Sprague-Dawley rats (80-90 g) 

were tail-cast, hind limb suspended as ^^'i;"^;:';, 1^,,,. 
and Tischler/H.E., (1984) J. AppL ''^'^ 

--^^'ireiriia-^^^^^^^^^^^^^ - 

15 the cage wxth each anxmax . the 

access to — r:, the 

:rh:rrerd"t:eVnL.s „ere c;ec- d.i. to ens.^ 

—1 h- ^hi -d :: to the 



cast . 



A 



Exoerimental Design - Part 1 • « '?n 

E.CK experiment be,.n with the suspension o£ 
divided into 4 groups ot a 
rats which were randomly divia 

animals each. Group A was ""^"'^'^X. ;^'^' -•c^- 
provided baseline data to ■ — 

3ue m other animal. '"'^^^^^^ ^he study 

body weights for the groups at ^^^y 
.re compared and ^Tsri rontrol group 

30 size differences. ^ " ^..^^^ „j.th an aqueous 

„hi=h had the : -\ r:, ""unweighting. to 

.clution of -"^f^;^;^ „L.,, atrophy during 

demonstrate the ability to Mersalyl has been 

*r.^ oArh aroup of animals. Mersaxy* 

33 :ri:::;n«-rrdJnstrated to pre,.nt atrophy in 
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an in vivo model subst.ntially as described • u 
protocol utilized herein. See Ti Jhl 

after unweighting commenced an a" ' ' '^'^ 

•nersalyl (200 nM; 4.I/100 • 
5 in^« -iMI/lOO g initial body wt) - • 

5 into one soleus, as descriho^ °°y.wt; was in:)ected 

0.9V saline CVehicle-l rh. . , "miUr volume of 

<" .i/:oo ;:::;';r" "'^""^--^ 

during the in situ inlectir,. ^ranquilization 

" -^e=.ion., ... rr: 

=^ ho„s and .he soleu. ..s rZZ , 

each experiment were u.ed for ° ^« 

different embodiment, of the disclo h'"" 

Animal, were treated a, • impound,. 

15 inhibitor/contained in TJ.T" f' ""^^ ^ "« «CP 

injected into the ,=le„, of onr\ '° ' 

contralateral ,oleus. "h,,' IT''' the 

=wo control sroup, and the testinrr^"' °' 
the invention Th. „ , '^""^ °^ inhibitor, of 

0 With different pair, of"" "T" °' "=^«^""t, 
value Of 10 for f<?r an -n" 

-,ted in two di T ^-""^"^ ^d „ith each 

citferent shipments of animals. 

B. Proc...i„, of the .„a.u. . ^.^^ ^ 

Alter the animal was sacrlfi>..j 
excised, trimmed of f.t ==leu, „a, 

carefully weighed Th. """'"^^ ""ue, and 
"ichlcroacetf:tid™;e:r': d' "■-."""-'-"^ ,0V 
pelleted by centrifugati™ The peirr' 
cnce with 10* TCA and „ ■ ""^'^ 

anal pellet wa." 1 ."".r:: TTT'^'' '^'^'^ 
hydroxide. The sample wa then I'd/ 
content bv t-h« k,- analyzed for protein 

standard ^^"^ a, a 
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\ « ^xMined primarily by P«i«<» 
protein content w« "^^^^^/„„„,i.„r.l muscle. The 
comparison with the -|«^=«f^^^^ .„iy«<i 
5 „tio ot contents ,.;^OVA-,. The l.«t 

statistically by """IV"' ^e protein content 

Xe, was always the «"«-;°JJ„„„.„,.„d control 
ratios could be ""^"//^ " significant difference 

animal, as well. « this -V' ' J „j two 

,0 can be shown by -"P"-' '^^^ ^ fectiveness of the tested 
,.,s. as well as ^O^;; »t-;^^^ ^^^^ p^.ormed 
MCP inhibitors. A p treatment. The non- 

the : .ed an estlmat. of protein 

,„,ted cent"! f P .^^„,^,,,on of the 

15 content of day 2. Th.s „e,„ent for each of 

protein changes over the 24 hou 
the Groups B, C, and D. 

- ^-^rcrtprrrnt'crisied . . - 
- ----rre:rertr;rotrs:rth::is. contra 

inhibitors for Its ^ t„ study as 

,„im.ls were not needed '"^^^^ .s the paired 

.ne contralateral ^^"-//'^/.tJ/Lscle . .ach group was 
control for the i"^/^''//;":;^, , .„a 0 in part 1. 
,5 injected as described the 

^enty-four hours after „.iy„d in both 

fractional rate of protein 

ected with a O.y* 

saline solution (3.5 minutes later 

30 phenylalanine (30 ^/^^l^^l.^e was excised and the 

the middle two-thxrds °^ 
muscle was processed as describe 

E.. processing of the ^^TlO minutes in 

The muscle was xrst^ to terminate 

35 0.84% saline containing 0.5 mn 
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protein synthesis, and 20 mM cycloleucin. 
phenylalanine in the cell „. to trap 

homogenized in 2 5 r^l ll ' ""^'^ 

precipitated protein vas pelleted h -^^i^" The 

5 aliguot Of the supernatant Is ta '" T"^^""^"^-' One 
scintillation counting and T: other rii^o:'^'^ 
for conversion of phenylalanine to pi'" ! 
determine the soluble phenvlalan, ^"^"^'^^'^^'^i^e ^o 
nuoron,etrically. 50;^^ , " ^°"=^"^"tion 

^eattolissr,, m press Th./ , 

intracellular specific " ^""'^^ 

i»pecitic activitv 'pk 

phenylalanine i„ the m„scl. pj^.- »=tivity o£ 

hydroly,i„, the protein by heal '"'"^"'^ 

taken for =ci„tllUtL„ ""^ 
a-lysu Phenylalanl aVr'::' 

The fractional rate of prot.l fraction, 
protein specific acti , /'"""'' calculated 
20 activity x tl»e. "^^'"J^^htracellular 

specific 

f • Data analysis - Pa^t 2 

--"Vh";^th"r;.~ °" ' -'-^ 

comparisons of the con, , Student paired t test 
" Whether there was a„reff ''•"™^-<' 
synthesis. Protein Lea":" °" 
approximately as th. , "'c-Uted 

p"t Plus The'":: rrartte'cr""" 

secretion (fro» part 1) „he. Protein 
'0 negative value fo^ pro^^ln ."Lu::'" ' 

Slow ProtettrtuhouTaf'f":'^ " " 

— tes a s.o„in;o\%i::rd^i:"r 
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G. Results of effect of the MCP 

Table 1 shows the lack ot eriec 
inhibitors on control muscle.' 

Table 2 shows the change in protein content 
5 during the third day of unweightxng. 

Table 3 shows the effect of the KCP inhibitors on 
unweighted muscle protexn- 

Table 4 shows the effect of the KCP inhibitors on 
unweighted muscle synthesi-s. 

.He T..le=. .he expound ..^r r..e„ .o ... 
„^r wher. .he synthesis rou.e tor .he compound is .et 

forth. 

,3 ..c.o..«e«=.MCpVn'".^^=A-o„Co„..oIK-- 



10 





Treatment | 


Protein [mg/mis^^^i 

: — ; ~] Treatinent 

vehicle 1 , 


DKSO 1 

Compound 34 j 

Conpound X4 j 

Compound 20 
1 


TTs 1 

— n i 

6.0 

5. -7 ^ 


' 6T3 " 

6.1 

5.9 J 
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Change in Pt-oi-«.- ^ Table 2 

Protein Content During Day 3 of r, ■ 

y "ay J of Unweighting 




^^^^^^^^^^^^^^^^^ 



Effect of MCP Tni -u- Table 3 

ln,u.,„„ „„ „„„^^^^^^_^ ^^^^^^ ^^^^^^^ 




Significant valu 



L-ck Of Effect o"""" ' 



IJnweighted "mmcIS^ Inhibitors 
«figncea Muscle Synth^si 



on 
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Example 5 

«„„«„^io„ of KCP inhibition Usin, HHC-1 -"""i-S 

compounds o£ the invention wer ^\';,„ 

.hility to inhibit the processing of exogenous '« 
. ,..s I malor histo=on.p.tibility pathway (MBC-D- 
5 by .ppued to a functional antigen 

Toe i: t r^at auLs inclusion of the inhibitor 
: th n th! antigen processing ceil during exposure c 

^„ rd—r^^^^^^^^^^^^^ 

10 ceil ny . ^-Hitor to determine the expression of 

the absence of inhibitor t o d processing 
peptide-MHC-I complexes, which retiec 
prior to fixation. 

A Cell Culture 

^ ^t- i-7»r in a humidified 
ceils were gro^ at 3 xn ^^^^ ^^^^^^ 

atmosphere ^^^^ ,,,, ...u„ (Hyclone, 

'°''";.r's -'M'-rc'Ptoethanol, antibiotics and the 
frrn 's:p lLnts= .-arginme HCi .lU • - 

- asparagine ,3S .g.M, »a„CC. '^^^ -^--Z:. ' 
„M^ see also Harding, C.V., ^ « 

.SsL.SS,. MU.Be cells (generous gift of s^ 

Kanaga-a, """-^ --^^ : ' crtl; "'fusing 
for antigen P""""""' „,,^. ^.pS-sti-ulated 

25 M12.C3 murine B lymphoma cells with ^^^^ 

splenocytes (source of B ^^^*'°""" Vr.ntigens . DOWB 

„,,3e. accordingly, ^^ey express « ^ 33,, 

, .ybridoma cells are 'P'"f ^j/^.V^TvLdell at .1., 

:::r2::.:3""B :t . nybrldoma cUs respond to 

30 Science 1988 

OVA ( 258-27 6 )-KV 



..ectroporation and antigen P^^^^^^^^^^^^ 

- -"""t valbumin, OVA, must 

pathway, the exogenous processing cells. 

35 penetrate into the cytosol of tn P 



30 



35 
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was introduced into the cytosol of nr«. • 

-ect.opo„\r "f;;;" 7 ei" ^^^^ - 

5 capacitance was 800 , r and '7 

-ectroporation wa" p" Lle^t^L":: T"" 

(-CO) .i.. ,.3 , ceii?;:;7oTxTo' 

10 range) in the presence of OVA at 40c ' ° ' ^ 
immediately placed on ice v.,-- ""^^^^ 
10 added and the cells were i.J . inhibitors were then 

-ally ..e ceiis'e::" r 

''ith 1. paraformaldehyde a^d w'ashed extir^^ 
preventing further processing. The extent . " ''''' 
tx.e., the level of specif ir °^ Processing, 

- expressed) was dete Jn^" ^^P^exes 

"lis to stimulate IL 3 ability of the M12.B6 

cells (2 X 10' u fi,„, 5 \ 1 .7" «12.B6 
"-24 hours at 37.C in 1 ! " "1 

0 r„po„. « ,„ti,.„ stx^ui.:,;;::"::, ^ » 

proliferation and fB', thv» '""•Pendent CTU cell 

« l»..ol.':3Llonr"' ^"-PO"tion. see Mien 

p„=es.in, o. eieot:oX\r,r:;r " - 

figures 2 a„d 3 ,h„„ °™ «"-B6 cell.. 

«HC-1 OVA processin, Both c " "d 20 on 

OVA processing. ,.es, "'"^°'*"'^' effectively inhibit 

«CP inhibitor^ effect Of th "pport for 

It is accepted that the e^' invention. 

"tigen degradation b '"""'^ ^"-^"^ 

egraaation by proteasomes. 5ee CoThk^ 

Thus, the compounds can be utUi'ed ' 
understanding the importance of tL '"""^"^ 
Of antigens. '^'^^ Proteolytic processing 
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r'^Klction o« Cu/.n Superoxide »i»u«.e ,S0»-1, 
„.,r.d.tion ^ „d .„„ge»»i.. 

"Ju" S00.> CNA Clone w=s o.t.in.d f .o. .i. 

„,.hodolc,ies to 5'-GCCGCCACC-3') 
initiation consensus -^"^^ < „ . „i„, ixi 

.0 t^ifcons-nsus .i,n,l snd 3, -n Xho 

restriction site 5 of th 

, .Ke PCR procedures were: 

„ii,onucieotid, pr«e «e^^^^^^^^^^^^^^ 

5' prxmer (EHb/) ^ 

.CCTA.CCTCG.GCAC.™™- ,SCQ X^^^ 

resulting PCB P-^"" "^'^ 'J I., i„o tn. Hind ni * 
enzymes Hind III and Xho I and ci .s^r.tagene 
Xho 1 digested vector pBluescript II ("^ 

T- Tr,n« CA> to yield pSK-HX^ • 
20 Cloning Systems, La Jolla, CA) Y ^ 

The FALS point ;\^77° ,u:.Thr ) 

,.,a'.val) (CCC^XC) ^ 3,0- 1 clone pSK- 

-™ re%::rpT:te:^^^^^^^^^^^^ — 

HX2 using the overxai. /iQflS^. The 

described Ho et ^ rLl"::! the . .0. 

Ile.'>^Thr Butant was """""r^ ^„,8, 
£ragn.ent was generated usxng the 5 prin.^ 

consisting of the "-^'""^ ,„„cleotides 193 to 

TTMT0CTCACTCT«GAAAC-3' (SM ID »0 , (n ^^^^^ 

30 213 of SODl cCHA where .1 i» th« ^ o the 

and the 3' primer .H8„ ° 3!''%,o XO »0,4, 

sequence 5 ■ -TT<.*~«^^^^^ ^^^^^^^ „. 
.nucleotides 3S1 " " '//J^^ ^33, insisting of the 
constructed using '^^^ ^^;,^„^„i:TG=CCGTACAA.3- (SM !■> 

3S nucleotide "f/^f.^ .he 3' primer EH« , 

N0:5) (nucleotides 328 to J5i) 
consisting of the nucleotide sequence 5 - 



30 



35 
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TAATACGACTCACTATAGGG-3' fSEO Tn «o . 

o. pexuescript XI SK^ ^ .'LL":^ (nucleotides S2S to 
3' PCK f.a^e„ts were co^Le, in T!:^" °^ ^' 
reaction and ai^pUfied usinc orZ ^^R 
^ PCH product was digested " t'/BaTr T '"^^^ ^'^^^ 

^-o Bal X . ..o X digested pSk!^ ' 
native 255 bp Bal X/Xho I fra™ ^^Pl-cinc; the 

fragment (clone pSK-U3j '^^^ -"^ant 

^Hio5; consisting of the n:;::::!":"^ p^^-- 

(nucleotides to":~tr3~"' ^ 
consisting of the nucleotide 

'^3 Of pBluescript IX SK^f Th '"^^-tides 792 to 

generated using the 5' ^ ^ fragment was 

nucleotide sequence 5- "-"ting of the 

S amplified U5i„g primers EH4. ! «^""n and 

fP Hind IIVR„ „ £raL„r ■ ^' "P^'^ing th^ native 51 
(=l-e psx-Mv,. AU p^r./: ''"""t 
=e,u.nced „3i„, ^he s,!" «" 
Cleveland, OH, to ccnfL ' " ' 

the atsenie =f anTp" °' 
^00-1 ,e„. denning ^l/To^Zll .r^.l^'T"''" °' 
Pr«ers and restriction sites i^ .h """^'>'>'' 

constructed bv d. "P""i=n vectors »re 

ucted by digesting the wild-type ,dSK k„,. . 
■""tant constructs (DSK-ni - ^ , (PSK-HXS) and 

(PSK-U3 and pSK-A4V) with Hind in .„d 
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u ^ rH^ three resulting 546 bp fragments 
„nta.n.n, the SOD ^^^^ ,I„vitro,en 

into Hxnd III I ^„%ield, respectively, pCMV-HXS 

corp., San Die,o. CA) pcHV-A4V 
5 (Wild-type SOD), pCHV-113 (He -Thr), 

(Ala'-»Val) . 

Xn;.iirexperi.en» were conducted to determine 
^ /stability of the FALS mutant SOD-l 
,0 Whether the reduced ^-^^^^ proteolytic degradation, 
proteins was due J,,,, (hu^an 293 cells 

The human kidney cell line a g .^^^.-an Type Culture 

. ?q3 cells was obtained from the American Typ 
or 293 p^^,,!,^ Orive, Rockvxlle, 

collection^ ATCC 123 ^^^^ 

Td'Baale's Medium with 4.6 g/. glucose, 10% heat- 
„,odified Eagle meai Technologies Inc. 

inactivated horse serum maintained at 

w ^« Mn^ The human 293 cexxs wcj. 
Gaithersburg, MD) . The ^^^^^ ^^^^ 

37-C in an atmosphere of 5% CO.- phosphate method 

(Chen, C. et al., ^^"^"/^"^^^^^^..oed into 293 cells and 
SOD-l expression vecwas^.n ^^^^^^^^^ ^^^^ ^^^^^^ 

24 hours later, the ceiis ^ 

" Torr::: i:r^ot.ese ---^-r reu 

.clubiU.ed in dimethyl '"^f^l^^e o£ DMSO or 

cultures were incubated with an equal vol 
left in ».di-- only as negative controi, ^^^^ 
T°tn"^VlirwVr.Cd::in 3. dishes 
compounds, S , eel ^^^^^^^^^ 

and maintained at 37 C „, or 24, 

were incubated with ""/""^ , duration o£ 24 

or with DMSO as a negative control I ^^^^^ 
33 hours. ivsates were preP^^^^^^^^^^ 

approximately 75 .1 °^/;;;j^;::„,,„tr.tions o« the cell 
freeze/thaw cycling. Prote 
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RocWord, II,, J ^ ' 6CA method (Pierc., 

transferred to nitroc.u„io,e "ate k"" 

auer. „er. MoCed incu^X L^T""''"'"" 
(5» Ity n.iJH in 25 mM Tris-buff.. T "lution 
30 minutes. Pijters were tr.nj " ' ' '"^ 

^» -lution ,Iao,000 dilutJon" mT' " ''""^ ""^"^^ 
--beted for 2.^s hours 

these studies „», polyclonal „kk "^ ""body used i„ 
•sainst purifi„ m^use soTl . 
Research Products, ^nver 
" three ti„es for 5 minutes each ' ■ """^ 
"oondary antibody solution iL o.: T 
solution, for two hours Th. <'^l"ion in blotto 

9oat anti-rabbit Iga conluo.r """"^"^ antibody „.s , 
<Bio-Rad, Richmond, clr rr " P'-^Ph'ta.e 
^0 tor 5 minutes each in . TBs a " """*"' 

Phosphatase activity bv k """" '"'""^ 
commercially availabie^ reit:": = 
«a,e„t ,Bio-Kad. Pichmont ^ ' sT'"'" 
corresponding to sOD 1 „ ' ^tarned bands 

2= DocuGel V i„ege analysis '"""ated using . 

(=-„alytics. BilTerrcr 

"pressed as units If . ' "e 

— i unrtrore::::::j:\"r '° 

=°"trol , . xm,unot,lat ' '""""l by units of 

30 that SOD-1 levels ttH Z l^' °' "'"i'- 

- controls i„ each of the th ""^"'^ '° 

presence of mcp inhibitors (pLure'T" 

'how that inhibition of the kp k . ' 

invention leads to increasL " ""Po""'" °f the 
5 in the He n. " ""^ •==umulation of soo-1 protein 

^ein, responsible f or th "'"^^ «CP as 

ceus cont.ini„g\h?.l\' mrtM ^ ^ 
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III. part 3. _ activity is responsible 

TO further show that MCP actx y 

SOO-i turnover, studies -^^^jf^-J/^^^^rn: 

P----:-^^^^^^^^ in piace o. 

TeU^^^CeU Unes s.. Jy expressing .ouse native SOO 1 an. 

* c SOD-l proteins mentioned above were 

the two FALS mutant SOU-i piwu r or 

al., ^"'''^^'^''"^^^^^^^ts (described above) followed by 
rDNA expression constructs 

cDNA expi stance bv growth in the 

...lection for neomycin resistance oy y 

::::::: of i -is coeneticm^ cibco .1. ^ 

Technologies. Inc.. ^.aithersburg, MD)^ Cel ^^^^ 

maintained in C.lS ---^-^^^he C sTe^ist^^^ colonies 

selection ^ ^ ^^^^^^^ ,.^.er 
of each transformed cell typ studies, 
growth, compound 14 was utilized in ^he^e 

cell lines expressing the indicated 

K «.«H with various concentrations of 
3 isoforms were incubated with .^^^^^ 
«^ Id for 24 hours at which time tne aw 
compound 14 tor .<:'» .„„4„„ of immunoblots . 

„er. ...sured .y -""""""///"^ rof, auction 
^„els =f .re "^^^^ " Ti^^^o.^rol. above, 

p„e response '^^Zstorn.^ cell, with this MCP 
incubation o£ the n^^,, <,£ SOD-I 

inhibitor led " ."'^^';,=t";.,,^„utions occurrin, in 
protein levels with Mxiiaal a concentration 
,0 those cells incubated with Compound 14 at a 

c£ approximately .0 -"h the 

magnitude o£ SOD-l -'=-"'^'"°" p„.ein.; wild- 

estimated half-lives of the ie„t 

.^e SOO-1 bein, the -^^^^/Z^^^.: "L.. .ci. 

35 stable (Borchelt D.R. et ^. ^^gistent with the 

91:8292-8296 (1994)). "^^^^^ ^""/^' ;,bilize the SOD-l 
hypothesis that the FALS mutations destabili 
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proteins, possibly due to misfolding and • 
structural alterations resulting frl^ 2 ' 
these proteins .or degradation lyT. 
deK,onstrate that Compound 14 has a 7'. 
5 Significant effect on statistically 
eiiect on turnover of the ^ti^ ^ 
protein further supporting the role of .h"^' 
degradation. ^'^^ «CP in SOO-I 

IV. Part 4. 

.ctiv,t,d protease c,lp.x„ .„/the w," f 
-P.ri„e„t, „ere performed 1„ „"ch [rT'' 
line, (described abov. "^renaformed ceu 

protein 

1 protein, with the Ala*-*\7^i 
".re incubated vith varicu. protease .^^'J! 
which is specific fn, ■ ■ inhibitors each of 

-.pound if inhi:itT«:p""~"°'^" 

" — . 3io..,.. coJ^" ,rr;3 r;:^""'"^', 
p=ra:d"^KT;r <"^-"^°' ^ e 

addition, cells were incubat^. t """"l"- In 

" -ss potent «„ .nhibu^ r;"\:~." ^ ' 

preferred compound of the invention ■ """"^"^l' 
Cell lines expr.ssino th= '*"'^°"' ^'^^ Compound n. 

^piressing the indicated SOD-l 
incubated for 24 ho.,^. . ^ isotomis were 

inhibitors: Cund" I ^V^: 

30 compound h"'o^?:f'r;." ^ 

i™ors"r TUT"" ~e 
=cannin, o^ Zulbtt? ^ 

-ree eZLn"."'"' " " ^ ' 
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Results are presented in Figure 7. It can be 
^hat the turnover of Ala^-^Val mutant SOD-1 xs a 
3een ^^^^^^^.^^ .he specific inhibition 

function of MCP activxT^y significant 
of MCP by the preferred Compound 14 leads to a g 

turnover. Further, ^ _P accumulation, a finding 

ri,«ht- increase in wild-type auu 

slrght increa , the dose response studies . 

10 also observed previously in the dose P 

leads to an elevation of SOD-1 protein 

15 Synthesis of Inhibitors svnthesis routes 

The following provides exemplary synthesi 

20 those skilled in the art once armed with P 

disclosure. ^^^ir^n incorporate amide 

The inhibitors of the invention 

^ well-knovm synthetic 

bonds which may be introduced by described 

- «!olution-phase techniques 
procedures using the solution p B^oloay, Volume I 

( 1979), eds. Gross, et al, Aca^^ 

detail in Examples 8-11 below^ ^^^^^^d by the separate 
The inhibitors may be preparea oy 

synthesis and coupling of the fragments: 

R.-(CH,)„-CH(R.)-COOH and H,N.CH(K,)-CONH-H. 

T^ described in Examples 14-38. 
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'<l-(CH,),-CH(R,).CONIf-CH(R,)-COOH - - 
(CoupUn, Ptocedur. ii, „ descrlh.- • 

5 (i.e. "herHrN-ri"";'!! "r^" " '-^p 

protected «a„o.id,hyd. „.v k! "Wi.lt, ecetal- 

procedure, described i„ Ex^p e " " 

protecting jroup, ^ r««,ved aVd ' 

n («ethod r, to liberate tJt,\ZTy '"^^^^ 

""•n 0 is a ™.^K "■'"•hyde group. 

Chloro^ethyl .etcne (i e " ' - 

" substituted nethyl Jtone T °" '•'P'-«ino- 

chIoro„.t.n ketone derZd ""'"" " 
Procedure „ is particulariVce: =-P""5 
Kydrochloride salt of th. 

purchased ,Ba=be» Bios=L„c. r""""" """" ""^ 
^0 Pennsylvania, or can be prepare": b °' 

protected a.,ino acid to 11 T ^ """'"i"" of the Boc- 
followed by reaction „ith 21 ""X-iride 
<ii«o™ethyl ketone ""\"'"^''-"'"« to ,i,. 
are prepared by reaction oTtTe" d"' 
" hydrogen bromide or chloride f """""I'l ^«o„e with 
XT... Bioc.e». Ca;s 'l.: ^^■'"tner, et 

S5/1574S published June 15, 15S5 « PCT wo 

° '.y '.y-roge^^TroTttrh ""^ ^^P"- 
-ttner, et ^^t^llTZT^^T"'' " 

correspondt; " ™in" ;tdVnurT"'"^^ 
prepared and coupled by Couol ^ 

"---"^"»^..otr:-— ^^^^^^ 
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by th. procdure d.scribed by Trainor and Stein, U.S. 
patent *.«3^.890.^ ^ „,,,„„„„...yl .etone ,i.e. where 
„ H-B. i. an «.in= acid-derived trifluoromethyl ketone, 
3 „;-CH,CH.-H„-CCCr,,, tne requisite .etone be 

prepared .» described by Imperi.li and "'•1"' 

m^en 0 is a n,onof luoro».thyl ketone 
„,H-R. contains a tl«=ro.et>,yi -"^nrr^d* the revisit, 

relvai o£ the Boc protecting groups, the a..ne can 
u led u.in, coupiin, Procedure U. 
- .ono.i— i keton can ^^^X^^,. 
. .he corr^spondin, aicoh^^__^ ^^^^ I'd ' 

essentially as described by Shenvi, U.S. Patent 
and a.ter coupling by CoupUn, ^^^.^ ,,,, 

optionally be converted to the free p P 
,s described by Shenvi and Kettner in ""^^ 
,,499,082 and 5,187,157, and in J. B,ol. CHe.. 259, 

" «hen Q is an alpha-diketone or alpha-keto ester 

„ e 0 ")C(-0,R, or -C,.0,=O.K,, the revisit, a^ino 
llkltoLs or^lpha-keto esters can b^ prepa«d „ 
described by Angelastro, et .1, " „ay 

30 ,1990, and ^^'-'^'"^^^^^^^Z. L ==""P=ndin, 
be hydroly«d or a^xdated to pr ^^^^ 

alpna-keto acids or --^«^ J^' ^^^^^^ Boc-protected 
also be prepared £rom """""'"^ p„cedure o£ 
a„ino acids by a modiUc.tion ^'^^'J^ „ 
ai T Med. CAeai. 37, 2S1»-^:'*^ v 
35 Harbeson, et al. <J. nea boc -protected amino 

this latter very useful procedure, the Boc p 
acid is sequentially converted to an 
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• N O-di^nethylhydroxylaxnide, an aldehyde 

R'-COOH R.<0N(CH3)OCH, — » 

«.«(OH«OaH ^^^^^ 

Where R' . Boc-KH-CH(CH,R,).. 

= - rr: r;;eVr •^"^^ 

couple. „ Proce.uXT:": ^:'''"' " 

hydroxycarbo^^id. which the" "^f""" 
o-.Ue. „ e.ph,-.e.„.„^_,,^ ^^^^^^^^^ 

Example 7 



IBCF 

X-AAj-COOH + HjN-AAj-y 

> X-AAj-AA,-y 

NMM 

protecting group for i:ho • ''^^ ^^'^sr 

y ^ oup ror the ajnino aldehyde 

~ Amino acid 
AAj = Amino aldehyde 
^-"'ethylmorpholine (nmmi ri or, v 
d solution Of the protected ii ^° ^ 

tetrahydrofuran CTHP, . The mLture^s c^:;?" 
treated vith isobutyl chlorofoJte 30; '^ T 
allowed to react for 10 min c w ^ d-l eq.;, and 

--y.e co™. rn"h:\"oj:;\~ r 

tne tree base was added 
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9 9 ea if acid salt). Stirring 
followed by NMM (1.1 eq., 2.2 eq. ii a 
^oceeded for 30 min at -IS-C, and then at roon. 
proceeae reaction mixture was dissolved 

5 ::iition w« succ«.iv.ly w»he. with ««er ==d.^ 

fir.Uy! w.«r. The organic l.yer ..s dried over anhydrous 

;uifa» ,»a.SOO or .a,nesiu„ sui«..e ,M,SO , the 
solvent was r«.ov.d under reduced pressure, and the 
,0 r duct thus Obtained was triturated with P«" 

The solid peptide thus obtained was filtered off, dr.ed 
and characterized. 

Example B j 
Method B: Fmoc-group deprotection procedure. 

15 Scheme: 

„oo-HN-AA,-AA,-V — > H:»-AA,-1UV,-V 

The rmoc-protected peptide ,0.2 to 4 ■m.ol) in a 
„i«ure of 30% di^ethylf or.a»ide (DKT, in ethyl acetate 
,EtO«, was treated with a 50-60 fold excess of 
,0 diethyla^ine ,DEA, for 2 h at roo. temperature^ The 
solvent was evaporated at reduced Pressure at 30 C. 

petroleum ether was added to the ""^^ ° 

j: A ua.; filtered and dried. In otner 
precipitate formed it was filter .^^turated with 

cases the resulting gum was repeatedly triturat 

; .ther and the gum was stored under vacuum. 
2 5 petroleum ether, ana tne y 

Example 9 . addition to the 

Method C: capping group or amino acid additi 

peptide: 

R-CO-HN-(AA).-COOR' 
30 R-COOH * H.N-(AA).-COOR ---- ^^^^„^yi,c acid) or 

The capping group (as a ^^^^/^^ , vlcxv-tris- 

protected amino acid (1 eq.), :f "/oP , • 1 

(dimethyamino)-phosphoniumhexafluorophosphate (BOP) (1 
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eq.) and l-hydrcxybenzotriazole (HOBt, m ea ^ 
dissolved in 5 niL of DMP 1 (i «q.) wer» . 

r . "u* or DMT followed by nmm t 

5 min, the deprotected h-.^,. ™ (2 • 2 eq. ) . After 

" With 150-300 r'/'or 

consecutxval, with w«er, «3HCo7, 

<^ry.e3. ,,e.d . capped N-Pr^ectr;;:.*,^"''^ " 
10 Example 10 

Method D: Caxbobenzyloxy fCBZ ^ „ 

A solution of^hl cB^ 'ir 
acid derivative (i in ...1"'^ ^"^'''^^ °- ^^no 

, Of Pd;c : c rL? ,:r::^^ ^ " ^^-^ 

15 501 by weight of water) !nd H h °" containing 

The solution waj iuleTtT^^r^ ' ' " 
(diatozaaceous earth) an. 

the unprotected pep ide '° ^ ^-^^ 

P Ptide or amino acid derivative. 

Example 11 

'° """"^ ^- Conve„i„„ ^^^^^^^^ 

stirred for 0 5 - , h " "> 

evaporation a^, the u„!, "'7" 

" -d i,op.ui..d t.i^tlizt:" 

o gj-ve the peptide aldehyde. 
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. .dded to . solution o£ CBJ-"u-OH 
S„p 1= HHH ,10 '^f ,3iutlo„ w« cooled 

" ^'i;::;:, 1 1 Lo^utyi cHio«tc».t. 

to -15-C, treated w.th 13 subsequently, a 

::rnei:i: . ^ 

Lded. .Ue. . n - ---- - : r:::,ecutlvel. wasned 

"° " TLrco/soluttn. -atex. n citric acid, and 
water, 5% NaHCO. ^^^^ ^^^^^ 

water. The ^'^^ , „,„,i.ss oU • 

evaporated to yield 19.0 9 

„(i fl9 al irom step 1, in 2O0 
,,,, A solution o the ''■[ ^''J^^^ ^ , ,,i«ion 

, ^ c£ ether " (lIaIHO ( 1 ■ » «) ^ 

of lithiui. aluminium hydrrde (^^ ^^^.^ 

,dd.d dropwise over a per.o „,i^ hydro,en 

.tlrred for 30 m.n, and "° ^ „,„o,en 

sulfate (KHSOO wa. ^"f;^ „p„„ed, w..«d with 

0 atmosphere. The organrc layer P „ . 

KHSO. (IM) solution, dried (M,SO.) 
colorless liquid (CBZ-Leu-H) . 
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P-toI„ene,„Uo„i. ,cid ^o" ^ ? ""> 
«h.„oi (EtOH,. The .XX ur, ILZ " 
= the„ ev.por.ted .„d diluted 

brown „„i„Ud „es recrystri h yUowUh 
yiead o«.„hit. needlesT - 

««). 0.e3(d, 6H) 

Step 4.- The product nt 8 01 f 

u"n, method D. „ith 2.5 , Of Pd°/c't" ' ^^^"S-«ed 
15 leuci„.l diethylacetal « J o f . ' ' » 
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Example 13 nomenclature, see 

Merhod G: ^y"^^^"' °^/\"7,367 Bioc^en,. Bicphys. Res. 
Schechter, I. and Burger, A. J 

Commun. 27:157-162). 
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(Step* 3 




1- Preparation of benzyl eye lc.p.ntane«cet«e . 
" ' I Lxture ot cyclopenrylacetic .cid ,10 0. 

»ol,, .enzyl alcohol ^ '^^^ in 

p.tola.nesul£oni= acid monohydrate ,1^48 9,7 

Ln.ene ,60 ^, was Joved and 

3.p„a.or .or ^^^J^^^':^^!^ and wasK.d 

:::r:;Tira:::.«d ..0. - nd 

/ 1 «; 40 a\ as an oil; » i " , pi 

(15.40 g) o. 2.26(m, IH) , 1-Bl 

5H), 5.10{S, 2H), 2.40(d, 5-8 Hz. 2H) , 
(m. 2H), 1.6 (m, 4H), l.l8(m, 2H) . 

S.ep 2: preparation of benzyl 2-cyclopentyl-lO. 

iododecanoate: i^rhium 

/ Tfl^c^ solution of iitnxum 
TO a cooled (-78 C) s 

dii.opropyla.ide ,.0 ^ol, in • ^\ZXo^J, 

hexane ,8 <°^'""f "^^ ,aded slowly the compound 
diisopropyla^ine and n-Bu.i 

Obtained in step 1(3.96 g, 
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The mixture was stir™^ * 

fixture w„ « - ^ o""""' 

= brought to O-c ov„ a period 0T2 I 
"utious addition c£ 50 oi 1,. , 
"lution. The „i„„e wa, extracted T 
""h brine, dried and the silt """^l 
c-de product „a, p„rifi.d to The 
" =^ro»ato,r.phy over =11"' ut!" '^'^ " « "a,h 

Step 3.- Preparation of benzyl 10 . 
" cyciopentyldecanoate, "-=y«o-2- 
A mixture of th^^ i^M 
™oi, and cyairn'VTV"'' 
Of -ni-yd. DMSO „„ heated at 70 75.^ / " 
"^Unj, the reaction mixture " 
^0 extracted into ether a„d"a,hed"" ""^ ^" 

saturated brine t^. '"""sively with „ater 

y^^i^ an oii - to 

'■^->-8 22H>. ■ 'HK 2.00,„, 

■ Step 4, Preparation o£ benzyl 10 « . . 

^yclopentyldecanoates """-Phthalimido-J. 

A mixture of 
--Mnd potassium Phthaure Ts/r "'^ ^ 
" 0«F was heated at 70-75- for ' ^" « 

the reaction mixture „a, 0!/! 
extracted into so ^ o ether J'" 
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.n,r. im 2.00(n.. IH) , 1.22-1. 18(m, 
3.65(t, 8H2, 2H), 2.20{m, IH) , 

22H). 

.ion of iO-cyano-2-cyclopentyldecanoic 
Step 5: preparation of lu 

cyanoester from step 3 (2.89 q, 
^^TVc Te l OeGussa, H.O content 50%) in 
8 mmol) and 10%, Pd-C (0.6 ^' 2-26 psi) . 

.n.yd KeOH (35 was ^ ^^^^^^^^^^^^ , ^elite. pad 

reaction "i-^; ^ ^ 3, (,.02 g) • HMB (300 

1.3-1.9 (m, 22H). 

.•nn of 2-cyclopentyl-lO-N-phthalimido- 
Step 6: preparation of 2 cyci v 



anoic acid: ^ ^ „f etec 5, product (0.41 

.oUowin. the ^ (0.31.)- 

,S g) of step 4 was — ^^Z^;;'^ ^H) , 7.70 (., 2H) , 

NMK (300 MHZ. CDCI3) 5 7. 5 ,.io-l.B5(m, 
3.70(t, 8HZ, 2H), 2.l5(rn, IH) , 1.95( 

22H) . 
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step 7: Preparation 

10-trifluorcmethanesuIfo„a^iCo-2. 
benzyl ester. 



cyclopentyl-decanoic a 



cid 




Step 7 




CFjSOjHN Y ^0 




10 



20 



A mixture of the ester 

fUtrate „,3 concentrated zo l '''■^ 

dissolve. ,„ c„;ci, " 

"ifluorc^ethane s„l,onyich L: h ' 
temperature was slowly tr ° ' ™' 

period Of ih. The reaction" " '™P««ure over a 

15 wAr^^ « -reaction mixture wac 

2 . HCl, water and saturated h """"^ 
^•yer was concentrated to an on an, 

-^re^~ro\r::r:r7------.""=^= 

'.3=<». 5H,. s.ls,s, .r d „ ''s ' 
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S«p i-. preparation o£ 2-cy=lopentyl-10- 
Followina the same proceGure *5 

Foiiowii., converted to 

->j 55 c) obtained frotn step 
5, compound (0.25 gJ oct 

CDCl,) 6 6.60-5.60 (b, Ih) , 3.ju v , 

/™ ittl 1 1-1.8 (ra. 22H) . 
1 . 90 (m, IH) 1 J- • • 



_Ji-0-fiu |-(CHa>,-C-0-tBu 



Step 10 



H,C 



Step 11 



O 

(CHi)t J«x 



H,CO^ 
Step 12 Y 
O 



OK 



Seep 



15 



P^eoa^ation of t-butyl e-iodocaprylic acid: 
".ri^tle compound was synthesized ^oUow-g 
p.ocedu.e as described .or the — ^^^^^^^ „ 
l^utyl acetate (1.16 g) and ^^^'^^^^^^^^^^^^ L, 
an oil (2.13 ,U KMR ^300^-/°;^;^ , s5-l.S5(m. 2H) . 

2H) , 2.20 (t, 8Hz, 2HJ , x. 
1.45(s, 9H) , 1.25-1.43(m. 6H) • 

-> cvclopentyldecan-l.lO-dioic 
Step 10: preparation of 2-cyclope y 
acid-l-benzyl-lO-t-butyl ester: 

.Sin. the LLster (lX.3.g) 

ester ,6.S2 .) fro^ ^e fhe ^i.le compound (7..4 .) 

step 9 were reacted to give 



wo 
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'H NMR (300 MHz, CDCl,, 5 y 

^' '•'^^ f^' SH), 1.0-1.9 

Step 11, Preparation of 2-cvclo 
5 acid-i-i,en.yl-io.„ethyI e^ter 
A solution of the d" 
i" CH,C1, ,30 ML, and lo"""/!™ "'^ '° '^-'SJ- 7 
30 „i„. Th. product Ob, " ^" 

.^^"oived , -« 

•<id.d thionyl Chloride ,6 ^, " -loWy 

-ivent v« evaporated „d ^e"" ' 

diethyl ether ,20 . "1"! "'^^^ «»olv.d i„ 
.uccessxvely with saturated ZIT \"" 
" "rine, dried, evaporated and ^ 

•"ica 5el (eluant: 2, ^"t ^''■^""."ojraphed on 

P-^-t as an oil ,j 050^^" "'' '° 

=H,, 5.i0,s, . , ' , " '^OO HHZ, COCi,, . ,.33 

20 step 12.. Preparation of 2-cvcl. 

-cxd-10-,ethyl ester: ^O-dioic 

Using the procedure ac w 
--pound (4.96 g) step ir J;"""'' ^' 

compound (3.66 g) as an oil 4 iTT"'" '° 
-"(^^ 3HK2.30(t, 2„; CDCI^;^ 

s'^L'sau:"""^" °^ xane-i...i,,„,, 
'^C-CTHji-Br SEP 13 
30 In a three necked flask fi^^ h • 

— =urrer .„d i ^^^T:::::-:-' • 
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-Al- 



ia 



l.br=,«>-6-cy.nohe„ne (8.04, ^^^^^^ 

"•%rnir.re wa c=uec«a by Ul.«tion and dried to ,ive 

concentration, produced (t, J-BH.. 

product. 'H N«R (300 MHZ, DMSO-d.) 6 2.50 t 
:„), 2.*0(t, eHz. 2H,. 1.55 (», «H,, 1.3(., 4H,. 

Mon of 6-cY.nohex.ne-l-sulionyl chloride. 

1.6 nunol), thionyl chlorxde ( ^-^^^^ ^...^^g, 

0«f was heated at ""8° = ^ „i.h 

the solvent was ren«.v.d and the re, i i„„ 30 

ice-water (5 ..^). The organ.o layer «a ^^^^ ^^^^ 

3* HaHCO, solution and water J , 

rat:^::: ro:o:ra::dToVi:ra odoness oii (0..0. 
, - "^rprr3;=r~es^s o. the 

^ ^ Table 5. The corresponding 

inhibitors listed xn Table 5 
purification conditions are Usted in 
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Example 14 

leucinal "^^"-L-arginyl-L- 




c r 



crude peptide „« Z^ll ". ' * " ')• The 

- - it::::-- = r;:: 

16 mL of DMF was tr^.^H "^"^^ ""^^'^ G, in 

UKF was treated with product of steo 2 r5 iq 
5.5 mmol) using BOP (3 34 „ 7 c , ^ (2.1Sg, 

("^•^4 7.5 imnol) and HOBt (i.oi g 
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WO 96/14857 

B.O,bd, IK,, 7.B3(d. IH), 4.34,., IH, , • d. « , 

, cc/» 3 43(ni, 2H), 3.16(in, 2H) , 

3.91{m, IH), 3.56(m. 4H) , -43 . ^^.^.^.Oi^., 25H), 

5 2.47(t, 3H), 2.03(in, IH) , 1.76(in, 2H) , 

1.07(m, 6H), 0.81(d. 6H) 

conditions are given in Table 6 

3H), 1.0-2.0(m, 27H), 0.86{dd, 6H) . 
15 Example 15 



Example id , mi o 2 5 7.8- 

10-cyano.2.cyclopen.yl-decanoy^^^^^^^^^^^ 

pentamethylchroman-e-sulfonyD-L-arginyl 




20 



25 



3,,, .„.Cy,.o-.-=V=lopenty.-.ec.n»yl-«.-,^, = -3,7,.- 
pent^ethyl=hr=n,.n-6-sulfonyl)-I.-"i-^nyl-I,- 

decanoic acid ,2 ™°;;.";V5,7,8-pent..e.hylchrc.«n-6. 

,3, „a, d Jhylacetal (1.8 ^.ol, 

.„l,<,nyl)-L-ar,inyl-L leuc n 

£tom Stop 2 in Compound 14) to o 



solid. 



10 
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Step 2: iO-Cya„o-2-cyclopentyl-decanoyl-«. o , . , 
^( 0.3 „ converted to cLpound 15 r 

-^0(s, 3H), 2..e,3, 3H) 2 ; f ^' 

^ ' = ' 6H), 0.82 (dd, 6H) 

Example 16 

10-cyano-2-cyclope„tyl-decanoyl-N«-„itro r . 




15 



20 



stirred overnight «t r„™ . °' eth.no] and 

r-oved and the res" t" """'"^ 
« indic,«d in ^.Me r:"l" ^""^'^ 
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leucinal oxime 



( 



NH 
NR HH 



.dded to e .olutxon of the pro ^ ^^^^ „„„ 

0.085 «ol, ^"/^t^^^; ^Vnlt... Tn. product 
«n,peratur. and then .t BO C fo ^ 
w« isolated by HPLC « i.ndic.ted 

" "ryt:c"-=y=lcpentyX-decan=yl-»'-n-o-.-.r,inyl-:. 
leucinal-O-methyloxijne 




.„no... t.o procedure ^^^^^l^^J^Z:: 
,S prepared usin, "-""V^^^j-f^ f 7. Ii«ure o. t»= pe,.s 
,0.0319. 0.38 n».ol) .nd isolated 
by HPLC as indicated in Table 6. 
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Example 19 

10-Cya„o.2-cyclopentyl.<lecanoyl-N.-nltro L , 
leucinal-0-be„zyio,i.e '^itro-L-arginyi-i.- 




5 



10 



Following the procedure as in th« r, 
Example 17, Compound 19 was P^«P*"tion of 

C.08S n.01), o-be„.yi hydroxvll' ""^ '^^^^^^^ 

^ol, and PyrLi ne' ^^ rr ^.^r^^^:-- (--3., 
~ was separated asL peat in^^p^^ 



Example 20 



uxtonyl ) -L-argi„yH._i^„^ . 





Step 1: Finoc-N«./2 2 ^ v o 

Following method C rE3fAmr,i-=. ov 
ws coupled with L I.,,.- (3-31 5 mnol) 

(O-S' 9, 5 ™,ol) and ^mm ,o , , ' ^^"^ 

dip^ptide ;r. °; " °' " ^^^^ 

IH,, 7.,s ,d JH • !h ' °"*'" = 
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4 35,», 3H,, 3.65,.. 2H, . 3.53,.. 2H, . 3.30,», 2H, 2 6,t. 
1.32(», lOK), 1-18(5. 6H). O.S9(t, 6H) . 

„Jve. fro.\Ke produc. fr.. «ep 1. « y. M a 

e»i-.olid ,1.3,,. 'H NME ,300 MH.. DMSO-d , = '•'<^- «>' 
6.,Mb. IH). e.46,b. IH). 4.27,d, IH,. ^ « - 3^5 

»;■;;■;■::;;;•:;•-;::"!;,:;•::;;;■;;.:■».■..";■. 

6H),1.09(m, 6H), 0.83(dd, 6H) 

Step 3: 9.Kethoxycarbonyl-2-cy=lopentyl-nonanoyl- 
N«- ( 2 , 2 , 5 , 7 , 8-pentamethylchroman-6-sulf onyl ) - 
m T arainvl-L-leucinal diethylacetal . 

15 L-arginyx i. ,r.^amDle 9), 9-methyloxycaronyl- 

,0 „ 1.5 -Cl). HOBt^0^2 ^^^^ 

in 5 mL of ""^ " ^ , . g „,„ jh) , 6.66,n,, IH), 

1.26IS, 6H), 1.1(". '»)' 0-8Mdd, 6H). 

S„p 4: 9-Methoxyc«b=nyl-2-cy=l=pentyl-"on.n=yl- 

„g- , 2 ,2,5,7 , 8-pent™ethyl=hrom..-6-»ul£onyl) - 

I,-»rginyl-I,-l8i=l''°'-- lu the product 

3. "c..dl„, to -.0- J,^^ 

;:.ir:Vp:rd-.e=tiy. . »^.3oo ... »5.d. ^ 

:.3„s. IH). B.2.7.4,.. 'H,. e 6„ n., H . ^ < 
4.3(m, 2H). 3.58, = . 3H) , 3.03 ,m, 2H), 
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Cxanple 21 

Nil Wlf— S 



Step 1: 9-Methoxycarbonyl-2 , 

Prti 1 _. 




Following method C fE»,m^i « 
= . 3H), 2.55 s 3H ' , 3" ' ' - 
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5 s«p 1= 9-M«hcxycarbonyl-2-cyclopentyl-non.ncyl- 
N.. (2 , 2 , 5 , 7 , 8.pent«..thyl=hrom.n-6-uHonyl ) - 

'sing Method C ,Bx»»ple 9,. 9-„eth=xy=.rbonyl-2- 

c,clopen.yl-ncn.noic acid ,1 ^.=1) ""f 
n ,2 2 5 7 8-pe«a»ethylchrom.n-6-»ul£c.nyl)-I.- 

1 <T, Fxamcle 30 following method B) using 
from step 1 m Example ju , , < „ 5 mL of DMF . 

iA HOBt (1 mmol) and NMM (2.5 mmol) in 5 mL or 
iranol), HOBt ( i miu , • far 4 5 hours and the 

The reaction mixture was srirred for 4 5 h 
,5 peptide was isolated (0.37g, 0.42 mmol). 

S.ep 2. 9-Methoxycarbonyl-2-cy=lopentyl-nonanoyl-N.- 
2 , 5 ; 7! B . -pentamethylchroman-e-sulf onyl ) -L-arginyl-.- 

norleucinal. the product (0.37g, 

"rpT-as'rvt«d I; IpLna 22 ,0.33 

„ ,nd purxfxed by HPLC ^ 

,.26(S. 2H), 4.17 ». IH) I _ ^ 

2H), 2.7Mt, \ 3H,, 0.74 

25 4H), 1.94(S, 3H), l-^MS. 6H] , 



3H) 
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Example 23 




5 Step 1: 9-Methoxycarbonyl-2-cyclon.n. , 

f-oUowing Method C (Example 9, * o 
cyclopentyl- nonanoic acid (0 J ^-"^^^^^^rbonyl-j- 
coupied with the produr-f- ^ ^ 5' 0-33 nunol ) was 

0.33 ^.1, 0 3 „ 

■=« DKF to yi.ld th. titl. . """^J " ' 

4„,, 3.3. « ' ; 68 : 1"°' ^•')- 

Step 2.. FoUoving method E ,p,»„„, ,, 

(300 OMSO-d.,. 5= 73' 3 " 5)- -H 

^•»('- 3H,. 3.16 '2 
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2-cyclopentyl 
L-leucinal 






HB NI 



5 s«p 1= 2-cy=l=pentyl-10-N-phrhali^ido-d.ca„.yl- 

N'-nitro-L-irginyi ,> the product (0.259, 

roUowing Method C (Example ' „ 
0.65^.01, fro» step S in Method G <^-f / 
to the product fro. step 2 in « " ' „.„ 
XO .^.ol, using BOP (0.2BG9. 0.65 »»ol , „ 

4„,, 7.55 (d, IH), 4.32 (m, IB), 4.23 ( 

- .H,,3.55 (., -;-'^-:';;,r2e:;:..o.,», 

IH) , l-l^ (br m, 2H) , 2-0 l--^^ ^ 
6H), 0.79 (dd, 6H) . 

step 2: ,-cyclopentyl-10-»-phthaU.ido-dec.noyl- 
„.-nitro-ar,inyl-L-leucln.l. ^^^^ ,5 

20 using method E (Example H). th P ^^^^ 

„ „as converted to ""P^"^/ ' ' ' OO (d, IH) , 7.65 
.«SC-daS-3S.S,-.;- ;-X'3.37(tt' 3„,. 3.i5 
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Example 25 

10- ( trif luoro»eth.„esul£o„yi ) a«ino-2 i 




KE HI 



20 



5 Step 1: (TrifluoromethanesulfonvMio - • 

-in. Method C (E.L'::! st r^"^' ^--yxacetal. 

0.51 mmol), HOBt (0.069g "ing BOP (0.22g, 

^fiH), 0.9(dd, 6H). ^' ^' 2.0-1.0(2 br r,, 

Step 2: 10-(trifluoromethanesulfonyl)a«ino , 
cycIapentyl-decanoyl.N.-nitro r 

-Uowing .et Jd H (E ^p^ir^^^^^ 
i (0.3Sg) was converted to Col I' 

0-78{dd, 6H). 2.8-1.0(2 farm, 30H}, 
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Moni 




10 



diethylacetal: compound was 

Following Method C (Exanple 9), the title P 
. .in. ««laic eeid monomethyl ester (0.708 g, 3.5 
I!!, 0 3.5™.ol,. HOBt ,0.47,, 3,S™oM, ««« 

7 . Lol . ».-nitro-.-erginyl-L-leucin.l 

Leth.l.cet.1 .obtained ,.o. =tep ^^^^^^^ .^ 
following method B, Example B) ( • 069 ^^^.^ 



. ... r rpt:;e wro.ta.ed a. an .o.h.. solid 
IH), 4.47(m, IH), 4.JUt . J ^jjj^ 



15 



20 



l.e3(m, IH), 1.2-1.8(m, 24H). 1.2(n.,3H), O.S( 

T, r2?0::^r^nve;ted'to^o:po„nd 2S (0.22 
(from step 1) (250mg) was co 7.73(d, IH) . 

rr;^,;; h 'b^^^^^^^ 

IH), 2.75(m, IH), 2.24(n„ 7H),1.50(m, 12H), 
0.86{in, 6H) 
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Example 27 



Mo„o.ethyUzelayl-N«-„itro.L-argi„yH.. 



phenylalaninal 



Cx 



.e..„., 

step 2: Fmoc-Arg(NO,)-OH. 

«»ol) and >.aHCO.(,o ™.ol, in 70 o, 7. 
solution cl„red after ik . h \ ' ™= """l" 

-t. ,oii. Citric ac" t„ T "« ""^"ed 

^ rtOAc. TH. organic iayer III TsZT"'"' 
dried and evaporated to vLld the 

(26.8 ,™ol). ^ " "° ""pound as white solid 

Step 3t rmoc-Ar9(M0,)-Resin. 

i nitrt r'""°" °' '-"""-^^-"yloxycarbonyl-N.. 
nitro-L-arginine (fron, step 2 26 o / , , 

with 10 , Of LTIT. ' " °' "•I'ed 

to polystyrene lV":L'r:""'^''''=""^^ «"=h.d 
"PPUed ^y BacHeV o^ °—l.,. 
-.nd stirred for 4h The r ' °' 

„d Meo„":n:re:\v;^r:h:": r^-' 

r»oc.Ar„«o„-Ke,i„ ,„.i„ „„ 



PCT/US95/14921 

WO 9d/14S57 

,50:50) .nd HoOH t:o yield the product (9.2g) 

5 Step 4: >!cOA2:Arg(NO,) -Resin. .,,„.d 
Mono»ethyl «.l.te (20 ™cl, «s added to . .r«d 
.Xurzy 0£ the «,(H0,, -Ke.in ,9.2g„ »^ -"^'j' 
,20 «ol) .nd N«« (to adjust the pH to S) 
' . miirure of iiionomethylazel»te( 10 

overnight ^""o^unol,, and N«M (20 .».ol, 

sUr ; oM Lurs.'xhe resin was -ashed 
:::h IS! .IrLthanol to yleld 10.se , th. r-sm. 

,ru::t:"s\tTrrr,nr:d .r . . a 

The slurry was lii^ereu -> 7<; 

Irituratl^ with ether to yield the peptide (l.U,. 



ininol) . 
Step 6: 



rnLt;hyla3elayl-«.-nitro-.-.r,inyl-.-phenylalaninal 

"";oUr;"«ethod C (.xa.ple .etho^y.^eUoyl- 
N.-nltro-L-arginine (1 »ol) was coupled w.th 
..phenylalaninal diethylacetal ,1. us.n ,1.^^ 

25 nvmol), HBOt (1.3 i«.ol) and NMM (to ad^ 
yield the title peptide (0.92 nunol). 

Step 7: Mcnor,ethylazelayl.N«-nitro.L.arginyl. 

L-phenylalaninal . product (0.82n>inol) from 



wo 96/14857 

PCT/US95/14921 



Example 28 




1' ? V-^' 



Step 1: Monomethyla2elayi.N«./2 2 S 7 p 

Ex«,ple 20, usina 7 n ° ^""« step 2 in 

f ^yj/ using 7.0 mmol each of bop wnr.^ 

Obtain the compound (3.43 a, as sll"! / ''"^ '° 

-C:., S: e.5B(d, i„) 6 04 /:hT " ^'^^ 

3-53,., 4HK 3. (d ^3 ' 

2.0 1.25(2 br 17H), l.20(tt, 6H, , 0.90(dd, 

0 Step 2: Mononiethyla2elayl-N«-r2 2 «; 7 d 

ste„T2' ""'"^ ' O-"^-'" 3) fro™ 
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6-.ulfonyl)-D-ai:ginyl-L-leocinal 




i step l: 9-Fluorenyln.et:hoxy«rbonyl-N'-(2.2.5.7,8- 
pl„Lethylchro..n-6-=uUonyl,-0-arginyl-L-leucxn.l 

diethylacetal. 

(3 :»,ol) and N«M (5 ™ol) xn 5mL =£ DMT yi 
peptide (1.729, 2 .mol) a. a solid. 

step 2= HeOAz-D-Xr,(PMC)-Leuclnal diethyl.cetal^ 

.::rr.rrr"-c:.. to yield .ep.od„ct 

(0.735g) . 

, 1 >jf f2 2 5,7,8-pentamethylchroman- 
Step 3 : Monoinethylazelayl-N«- (2.2,5,/, P 
6.sulfonyl)-D-arginyl-L-leucinal ^^^^ 

using method E (Example ''^'^^^^ ,y „pLC. 

,5 step 2 was converted to Compound ^9 and ^ ^^^^^^ 

IH), 6.43(d, IH), 6.34(s, 2H I 
4.54(s, 3H), 4.37(m, IH) , 3.66 (s, 3H) , 
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Example 30 

«ono»ethylazelayl-N«-(2 2 5 7 d 



V 




step 1, Fn,oc-N'-(2,2 5 7 o 

toe procedure, i„ the prep' " "^-"^-OH foUovtn, 

occordin, to the «,thod c T ' ' ""r. 

IS Step 2: KaOAz-Arg/PMCl-L . 

-no„.„, „.tid c ,c;r;rL''""^^ 

"a. coupled «th ArofpL, ''l, 

" -ol, and stirred overnight xhT ' " 

■"onomethylarelate, bop Host /T ^ of 

stirred for 4 hour, ^ ""^^ "<> 

" in Kethod c. Example 9, tl'"",!'""' """"'-"P 
0.S4 TOol) " the peptide ,0.37,, 

'-"C-IH), 4.58 iH), 
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,.31(», IH). 3H,, 3.34,,.. H , .6^ ^- « < 

.58 3. 3H,, ^.SH'. 3H,, f : ^3"''' 

1 9-1.5 (m, 22H), 1.30(3. 6H) . 0.86 (t, 3H, 



^""''^!s'!.z.l.vl-H.-(p-toluen«ul£onyl)-L-arginyl-I.- 
leucinal 




CI 



S«p U r.=c-«.-,P-tolue„e.ul«o.yl,-.-=r,inyl-^-Uucin.l 

diethylacetal. 

.0 Usin. Ke..od C (Example S) ---J^^^,,, ,,,, 

toluenesulfonyl)-L-arginxne (5 / 5^,15, 

leucinal diethylace.al (5.5 ^no ) usxng HBTU (5^ ) 
HOB. (5.5 n^ol) and KMK (11 ^ol .n 5 ^ f^MT 
peptide was isolated as a solxd (2.86g. 

.>,.l,zelavl-N«-(p-toluenesulfonyl)-L-arginyl- 
15 Step 2: MonomethylazelayJ. n if 

^01, couple. wi.H 7;;r;':";i, ^...me. 

,r,inyl-L-leucinal dierhyl.c.t.l 2.7g. 



10 
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Step 3: Monomethylazelayi-N'-fD tr>i 
Example 32 




20 



5ee BasaJc, A. et al r„. r 

-oi, and sodiu.':ce:a:e rr?r°^''°^^^^ 

^01 EtOH was heated to 70-C for Te . . ^"^'^ ^ ^ °^ 

-as concentrated to afford a liaht J "-i^^re 

32) Which was subsequentlv n . (Compound 

'H KKK ,300 KH., Jc, ^^^^ " ^ S. 

2.05, 2.l2(s, 3H) 1 2 1 L'/ '"^ ' '-^'f^^' 
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-L-arginyl-L-leucinal thioscmicarbazone ) 




5 



rcnowin, th. sa«e .«ps in Example 32. Compound 33 
„,s -.de £ro. the Compcuad of Example 34 ,51 »9. -07 
r,ol, and thio«»i=>rb«ide .g. 0.07 »=1) - : »L of 



90% EtOH. 



Example 34 ^ , , <; trimethylbenzene-l- 
wi ,,*,lavl-N«- ( 4-inethoxy, 2,3, 6-trxmernyx 



1 0 Monoinethylazelayl-N«- ( ' 

sulfonyl)-L-arginyl-L-leucinal 



0 



0 




..V 



S.ep 1= Follcwin, ..thod C (Example „ 5-nuorenyl- 

was prepared £r=. ,-£lu=renyl»..hyloxy=.rWnyX » 
„Jthcxy-2.3,6-tri»erhylbenxe„e-l-sul«=nyl)-L- 
arginine a„d L-leucinal diethyl acetal. 

Step 2- Monomethyla«layl-«'-(4-">«hoxy-2,3.6- 
30 triIethyXbe„xenesuUo„yl,-.-r,inyl-L-leu=.nal. 
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Following Hethod C (Example 9,, mono.ethylaz.late r6 
-unol) was coupled with N.-(4.«,ethoxy-2,5 6- ^ 
trxmethylbenzene-i-sulfonvH-r / ' 

amorphous solid (3.3g). 

The product from st.p 2 fO Ja, „• • 
10 compound 34 ,o 3£a, J " "-verted to 

■» ». .S , ™7,." ,■■ « 

Example 35 



0 



I 




" step 1, ^«==-'"-(2,4,S-tri™,thylbe„„„e.,.,uI£o„yI,. 

"ded, the precipitate „„ collected and dried ,3 
-OIK The ^,.«.s-OH hydrochloride „aa convert d o 
r.oc-^„„S,-OH fouowin, the procedure as described for 
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the preparation of the tosyl derivative (Example 31) to 
yield the title compound as a white solid (2,09g). 

Step 2: Fmoc-Arg(MTS)-Leu-acetal. 

Pollowing Method C (Example 9), '^^^-"^'["^' 'Z' 
. nunoU was coupled with leucinal diethylacetal (4 mmol) 
Ting HB^U (/mmol), HOBt (4 nunol) and KMM (10 n.ol) .n IS 
^ of DMF to yield the title peptide (1.05g) 

Step 3: MeOAz-Arg(MTS)-Leu-acetal. 

using Method C, monomethyl azelate (1.2 mmol) was 
coupled with Arg (MTS ) -Leu-acetal (0.85 ^ 
from step 2 following Method B, Example «) 
™„ol), H0Bt,1.2 ^ol) and .MM (3.6 n.ol, .n jnL o OMT 
and stirred overnight to give the title peptxde as a 
semi-so lid (0.59g) . 

Step 4: Methoxyazelaoyl-N.-(2,4,6-trimethylbenzene- 
l-sulfonyl)-L-arginyl-L-leucinal. ^ ,n 59a^ 

According to Method E (Example 11). the product (0.59g) 
of step 3 was converted to Compound 35 (0.54g) and 

ririL .y HP.C. HMK (300 KHz, -13 ) S : 9 . 49 ( s , IH) , 

20 .53(s, IH), S.9a(s, 2H), 6.81(d, IH) , ' ^ ' 



10 



15 



25 



Example 36 
6-Cyano-he 

6-sulfonyl)-L-arginyl-L-leucinal 



1 ij« /9 2 5.7,8-pentamethylchroroan- 
6-Cyano-hexane-l-sulfonyl-N«-(2,2,5, / ,B P 
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Step 1: 6-Cyano-hexane-l-sulfonyl.N.-(2.2 5 7 « 
pentainethylchron,an-6-sulfonyl)-L a.„/ , r 

'-^^''"''-^^^^ne.l-sulfonyl chloride (0.19O OSW^m 
5 fron, seep 14 in Method G (Example 13) was allld 1 ^ 
solution of the product (0.55g, 0 89 Zl. t " 
Hxa^ple 20, in 1 „^ and the pH Tt T ' 

adjusted to 8 using KMM. .f.er 4 hou„ o s\r'"''°" ^" 
reaction mixture was wor-tow stirring, the 

"° compouncj (0.<66g), 

Step 2. 6-Cy<ino-h„.„,.i-sul£o„yi.»..(j,j 5 , , 

Using method E (Example 11, ' "■'"nal. 

"ep 1 „„ converted to cl . " 

^•"(s. SH), 2.0(s 3H , ,i ! ' ' 
S„;, O.sil^d 

20 Example 37 

2-Naphthoyl-N.-nitro-L-arginyl-i.-ie„cinal 




MH NH^ 



diethylacetal, 

2-Naphthoylchloride ^0 104o n ce 
snin^,.. ^ . (u.io4g, 0.55 jnmol) was added to a 

« o.t.„ t. tuu ipoJ\:"^r;"j".Ti 
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, o Q-i/H IH^ 8.0-7.91(nun, lOH) , 6.93 
(300 MHZ, CDC13) 6: 8.92(b, IH) . I 

rr;;3:,;;3.3sU ... ..... 

5H), 0.B3 (dd, 6H). 



10 



T.U U. 3.» IH,. 3.. 2HU 3.0 ,d, IK,, 1.77 

(m, 5H), 0.86 (m, 6H) . 




diethyl acetal. cBZ-7-aroinoheptanoic 

„id ,0.7, 2. -° "° „ BOP ,1.19. = 

2 in Example 14 (0.7Bg, ^- ^ 5 

.0 n.01), HOB. (0.34 -^^n^/l !:. :,"w.icn.as used 
nunol) to yield the peptxde as a seiux 
directly in the next step. 

CB.-7.— »no.. — ^^^^^^ 

.ollowin. Method E ,»^ple U , 

" "-""V: TOOO MH . DHSO-d., S ,.30,.. IK,. 
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(*' iH), 7.64(d, 1K\ 7 



Example No. 



42 



Table 7 

* Inhibition 







31 


1 >1000 


21 


>1000 


100 


8 


99 [ 


22 


98 T 


13 


15 1" 


>1000 



i5 Example 39 

10-Cyano-2-cyclope„tyl-deca„oyl.N.-„itro L • 
leucxne chloroa.ethylJceto„e. "^^^o-I'-rgxnyl-L. 




inhiMto's C the ^^"^ ^-P^-' the 

3 Procedure n Tn "7"'^°" ^" ^"P-"^ by Coupling 

coup'ied to r;;r;"^"^ ^-^^^^ - described 
enzyn,e-reactxve a^ino acid derivative to 
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produce the inhibitor. These inhibitors are obtained as a 
mixture of two or more diastereoisomers which in some 
cases may be separable by HPLC. 

A) 10.Cyano.2.cyclopentyl-decanoyl-N«-nitrc>-L-arginine 

5 methyl ester 

Following the procedure of Method C (Example 9), 
lO-cyano-2-cyclopentyl-decanoic acid (2.4g; llmmol) from 
Example 13 Step 5, in 26mL of DMF was stirred with 
N«-nitro-L-arginine methyl ester dihydrochloride (2.86g, 
10 llmmol), BOP (6.6g, 15mmol), HOBt (1.62g, 12mmol) and 

3.6mL of NMM (33mmol) to yield 4.8g of the methyl ester as 
a foamy solid. NMR: (300MHz, CDCI3) S 8.75 (bs, IH) , 
7.81 (bs, 2H), 6.42 (d, IH), 4.67 (t, ' ' '''^['l^' ' 
3.75 (m, IH), 3.32 (m, IH) , 2.15 (t, 2H), 2.05-1. 12(m, 



15 28H) 



B) 



10-Cyano-2-cyclopentyl-decanoyl-N«-nitro.L-arginine 
A solution of 5.5g of the methyl ester from part - 



ebove in 30mL of methanol was treated with 24mL o ^00 N 
aqueous sodium hydroxide. After 2 hours, lOOmL of 2% 
20 aqueous sodium bicarbonate solution was added and the 

resulting solution was extracted with lOOmL of ether. The 
aqLus Lyer was separated and acidified with 3. aqueous 
citric acid and extracted with 250mL of ethyl acetate. 
The resulting organic layer was separated, dried over 
2S anhydrous MgSO. and evaporated to yield a colorless 

whiL on trituration with petroleum ether -^^^^^^^ ^° \ 
TL White powder weighing 4.4g. ^H-NMR (300^. COCI3 S 
10.6 (bs, IH), 8.75 (bs, IH), 7.82 (bs, 2H) 6 1 d IH) , 
4.67 (t,lH), 3.71 (m, IH) , 3.32 (m, IH) , 2.15 (t, 2H), 
30 2.04-1.12 (m, 30H) . 

C) io-Cyano-2.cyclopentyl-decanoyl-N«-nitro-L-arginyl-L- 

■ leucine chloromethyl ketone. 

A fixture o£ (1.0».ol, oi .he P^-^"" 
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ketone hydrochloride (Bachem Biosciences t 

Pru55i., Pennsylvania) 440ma m n f ' ""'"^ °^ 

Ommol) Of NMM. After 4 hourf th! " ^'""^ 

5 With 75^ Of ethyl acetate Ished wrt^^'ra!" ^""^^^ 
watpn Tc- ^^'^ ^* aqueous NaHCO, 

water, j\ aqueous citrir jir-iw - -a ^ . «"v-u3^ 

compound was purified bv fi^.K w * • This 

elution. The resulting ^'''^^ 
colorless whlT - a 

-cetate/ether to give ISbII T, °^ ^" «thyl 

chloro^ethyl .etone HPLc ind T'" 

- diastereoiso^ers which l e sep^ltl '"""^^ " 

HPLC. In a water ac.^ . "^/^P*"'^^ by preparative RP- 

of acetonit'le In ,0 "'^^"^ ^'^^^^^ ( 30 - 80 * 

-n.cdiastere Loi: arini .T/"" ^"^^ 

were isolated. ' (^^-"^reoiso.er b) 

20 Diastereoiso«,er a: 'h-NMR (300MHz, CDCl ) S n .v, 
7-51 (bs, 2H) 7 71 ,K , ^^-^ 

* ' '-^i (bs, IH), 6.69 fd 1H( ii , 

5 n , ^' ^-^^ i")/ 3.31 ft IH 1 

■y . ^' ^'^^ ^H)/ 3.31 ft iHi 
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boro leucine pinacol ester 



»7C 



10 



15 



d.c.n<.yl-H.-ni«o-X.-.r9inine («™ple 39, p.« 
.„d 2S4»g (l.Ommol) boroleuclne pin.col e.t.r 

HOBt 5.0«>L ot D«r w« t ^^^^ 
NMM After 2 hours, the mixture was 

as an off-white solid which exniciu 

,300«H.. COCl., a 3.S3 ,.s !«.. > 
2„,, S.71 ,t, IH), 4.61 IH). • »' « . „ 

2H1 3 05 (n., IH), 2.62 (™, IH), 2.38 (t, 2H) , 2^0 
!'28H°! 1.22 ,s. 12H,, 1.13 2H). 0.,2 ... 6H) . 



20 (re 
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Examplm 41 

leucine .lph.-keto,thyla.ide »^'«"--«Wnn-L- 




HH' 



NO, 



25 



30 



5 ''L !°''''''"°"'""^"'°P""^y^-'i-"noyl-N.-„itro i. . 

A solution Of 467;T.ro' ""'^'^"'-^ 

" or 467ing {l.Ommol) of m ^ 

the solution „„ diluted with llL , " ' """^ ' ' 

""hed With 2. .^eous ».„ct 
15 acid. „«e. and d.i.d ,M,so. ytid a.T""' ^'"'^ 
S<0., Of the hydroxy compound as an o« 1 =-P°-"o„, 

aH,. 5.S3 (t \h ""' <^=- 

M), 0.88 (m, 6H). ^ (t, 

B) l°-Cy«no-2-cyclopentyl-deca„oyl-N.-„itr» , 

leucine alpha-ketoethyla„ide """-I-rginyl-l.- 

0-C and stiLdtth 235^ ^ichloro^athane cooled to 
(1S83)). ■'•'=-««tin, J. org. CAe„. 48, 4156- 

The reaction was allowed to u«™ , 
and was stirred for 3 h '°»P='«ure 
for 2 hours. The cloudy suspension was 
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.Uu«a with 50.,L of «hyl .c.t.« .nd filtered through . 

Th. filtrate was washed with 
fine sintered-glass fUter. The fntr 

10» aqueoua N..S.O, and then with saturated «aCl. It was 
ied',H,SO., and evaporated to ,iv. 1SC», '^^l^^';^^^^^ 
5 ..toa^ide product. It was purified by P"P-" « " 
using a wat.r-acetonitrile gradient system (40-70. 
,=,tonitrile in 40 min.)- The pea^s at 18.07 „in^ 
,di..tereois=n«r a) and 19.54 s,in. (di.stereoxscer b) 

were collected- ^ „ -c iwa 

10 Oi.stereoi.o„er .= 'H-»m= ,300«Hz, CDCl.) S . bs IK, , 
7.58 ,bs, 2H,. 7.04 ,b.. 2Hj . 6.57 ,t IH, 3 ,t IH,. 

1.91-1.11 (m, 34H), 0.94 (m, 6H) . 

Oiastereoisomer b. (300HHZ, COCl,, 6 '"^^ 

5 7.48 ,bs, 7.25 IK), 7.04 ,t, '/ <»' ' 

6.62 (d. IH), 5.32 ,t. IH,, 4.81 (m, IH) , .8 IH), 
3.51 U IH), 3.3S (», 3H,. 2.35 ,t, 2H, . 1.95-1.11 
32H), 0.9B (m, 6H) . 

20 lo"yrno!lcyclopen.yl-decanoyl-^^^ 
phenylalanine fluoromethylJcetone 




NH ^ 



A, synthesis of l-Nitro-2-phenyleth.ne 

TO a stirring mixture of ' ' „ 

„.035:ol) and silica gel ,10,. 230-400 ' ^ ^ " :n 

„ ,400 ^, and isopropanol ^ " a 

slowly added sodiu. borohydride „ 
period of 45min. The reaction mixture «" 
additional 15min and then carefully quenched 
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hydrochloric acid (20inL). Separat^H , 
and washed with chlorofL ^oT c T '''''''' 
washln. vas .ash.d with wTt ^^^^ .'.t ^^^^^ -d 
-nd .rled over anhydrous sod J a^iLt ' ' s ""^ ^ ' ^ '"^^ 
5 evaporation at reduced pressure " 

vhlch was purified by flajHT ' ' '""'^ 
ethyl acetate-hexaner .o L're"::^^ ^"^"^ " 
Phenylethane as a colorless oil r ^--tro-2- 
acetate in hexane, : o 40- L T"" ' '^^^^ 

^ ' ^-30 (t, 2H). 

Synthesis of 1-Fluoro 2 h d 

To a cooled (.78-C) solut.^n^T^""^'''""'*'^^^"^^^"^"^ 
^e.hylene chloriL (n^;^ ;.;2lrir """" ^" 
dimethyl sulfoxide (3 65a ^ ^'^ «dded slowly 

- reaction mixture wa:":::;J-;r;s:r^ 

(10«L, „„ then .lowy ;""r V" 
A^ter surrin, for .nother l ' 

diluted With anhydrous "ixture „,s 

0 triethyla^ine (9^0, J sM. 7 '"""^ '"^ 
Stirrin, was continued for anther T " 

temperature had risen r„ ^ '"e 

« solution of I-nitro.rohV'"""- " 
anhydrous ..thyUn. "h LtdT ao^^ ° "»--) ^n 

reaction „l«ur. and stirrln, " 
- „l,ture was then ^s^-'w^rrwarTr" r"'"' 
Oydrochloric acid ,3 , 20^,. water s " 
-dlu. bicarbonate solution 2 T^oJ " IT'' 
f"-)- Drying over anhydrous sL " » 

evaporation gave a crudT , 

nash =Hro™at%ra;h nrri cr::r .ttr: """-^ 

hexane, to give the product as e'Jt " """"" 
Combined yield was 3 n, ^ ""^ i»0"ers. 

P™=edure^can.be""o:n:t ^IZT T'Tr 
retraAedron ie«. 27,2), 13S USSS, ^ ' 
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5 



X,o»« . w« . «hi« sciid, .p .1-73 -C, R, 30» e..yl 
.cet.t. in hexan.) = 0.46; 'H-NMR (300«Hz, CDCl: 6 7 40- 
;"o SH,. 4.50 IH,, 4.60 IB,. 4.50-4.30 

2H), 3.45-3.25 (n,, 2H) , 2." (d, IH) . 

I,o„er b w. . colon... oU, R. (30. ethyX in 
H«,ne, = 0.42: 'K-HKR (300HHZ. C.CX., 6 , . 0- ■ 5 5H, . 

4.90 IH), 4.65 (m, IH, , 4.50 (.n. IH, , 4.20 (m, IH, . 

3.40-3.30 (m, 2H), 2.90 (d, IH) . 



C) 



synthe.i. of 3.Amino-l-Uuoro-2-hydroxy-4- 



" ^'^Tl:::^ o. ... i»o».r . , 0.46„ 2.25^oX,. 

..soXuTe e..ano. ,20^) and .aney-HiOcei ,cat.iy..c, wa. 
.ydrc,.n.«d ,60p.i, in a Parr apparatu. (or 5 hour,^ 
'lurltion through a Cellt. pad and solvnt -ap-« on 
^ . _ ctmilar treatment of tne 

m nave 4lOmg of amine isomer a. Similar ti 

isoLr ^ ,800.„ 3.75^01, ,av. 5i0., oi a..ne 



isomer 



i.o.er a -a. a white .oXid. .p 64-6, •<:• 'H-HM. 

2.60-2.45 (q, IH) , 2.20-1.70 (broad, 3H) . 

^.ne i.o.er h «a. a white soiid, .P 67-70 -C: 'H-NHK 

;rT;o!3";\i,'-r-;^o':v.or.,'-:),'t'.3Vdd,-iH,', 

,5 2.60-2.45 (q, IH) , 2.20-1.65 (broad, 3H). 

0, X„-Cyano-2-oy=lopentyl-decanoyl-N.-nitro-L-ar,inyl-(4- 
£luoro-3-hydroxy-l-phenyl,-2-butylamide 

. solution of 46„.q (LO^^ol) of 10-^' - ; 

--p---=--rro:orh;rx;^ -Phe^ 

30 (l.O^mol) of 3— - „f BOP, 

S.O^ of OMF .33^ (Uol) Of HMM. Mter 

I35mg (l.Ommol) of HOBC 
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" .„v.. rr- 

= "Mte .Olid. POOHHZ CDcT !?" " °«- 

A "Olution ol 250mg of the hvH„ 
to 0- .„d .tirred with 2jLa T «" cooled 

~- - „,o.io: rii o"ed°.:r:: :: 

15 temperature and was stirred for 5 k 
suspension was diluted w.th lo r 
filtered through a fin. °' 

— e was is:ed\i:\r:j:::;- - 

saturated NaCl. it was H.- . ^"'^ >'ith 

- ,ive iao„, o. „.i„ ,onri::r:;L°" 7^^"" - 

°f pure iluoronethyl ketone „ ! P-^fication, ,2mg 

(300«„t. C^:i.r 8 5' :^" 

«)- 3.« iH,,':.'! 

" ^H,, 2.04-1.13 27„,. " 

Each of the published documents ~f 
speci fiction is herein i„.n to in this 

entirety. incorporated by reference in its 

Those skilled in th 
30 changes and modif icationsT. "t" "PP^^^'te that „„„erous 
embodi^nt, of the invent • ^ ^ " ""''".d 

"edifications may be " ' 

=.-it Of the LTen"::" TTl^T'"' "™ 
the appended claims cover all" f " 

= ^all Within the true spirit Id " 

'P"^t and scope of the invention. 
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SEQUENCE LISTINC3 

(1) GENERAL INFORMATION: 

(i) APPLICANTS: .iS?^, j ee 

James L. Diebold 
James C. Kauer 
Robert Siman 

(lii) OTJMBER OF SEODENCES: 10 

Mackiewicz STREET: One Liberty Place - 46th Floor 

(C) CITY: Philadelphia 

(D) STATE: PA 

(E) COUNTRY: U.S.A. 

(F) ZIP: 19103 

(D) SOFTWARE: WordPerfect 5.1 

, • \ rtTRRENT APPLICATION DATA: 
(vx) CU^^p^l^TION NUMBER: N/A 
B FILING DATE: herewith 
(C) CLASSIFICATION: N/A 

(B) TELEFAX: 215-568-3433 
(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(^i) SEQUENCE DESCRIPTION-. SEQ ID N0:1: 
TCGATCGAAG CTTGCCGCCA CCATGGCGAT GAAAGC 36 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 30 base oaf 

(B) TJTE: nuclelc^c??"" 

(C) STRANDEDNESS : sinolo 

(D) TOPOLOGY: liLH '^^^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID No- 2- 
AGCTAGCCTC GAGCAGATTA CAGTTTAATG 30 

(2) INFORMATION FOR SEQ ID N0:3: 

ii) SEQUENCE CHARACTERISTICS. 

(XiJ SEQUENCE DESCRIPTION: SEQ ID No.a- 
TTAATCCTCA CTCTAAGAAA C 21 

(2) INFORMATION FOR SEQ ID NO: 4, 

(i) SEQUENCE CHARACTERISTICS. 

(C) strandeSSeIs^ ??n^i 

(D) T0POL0Gyf?f„eIi"5'^ 

(Xi) SEQUENCE DESCRIPTION: SEQ IDNO.4. 
TTGTACGGCC AGTGATGGAA TGCT 24 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS. 

B T?PE^«- P-irs 
trl ^11^' ""cleic acid 

(C) STRANDEDNESS: sinal« 

(D) TOPOLOGY: lIAelJ^ 

(xi) SEQUENCE DESCRIPTION, SEQ ID N0:5. 
AGCATTCCAT CACTGGCCGT ACAA 24 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTHS 20 base paJ-^^ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TAATACGACT CACTATAGGG 20 

(2) INFORHATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
GCACACCACTTTCATCGCCA TGGTGGCGGC AAGCTTCGAT C 41 

(2) INFORMATION FOR SEQ ID NO: 8: 

li) SEQUENCE CHARACTERISTICS: 
^ ' (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 
ATTAACCCTC ACTAAAGGGA 20 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
^ ' (A) LENGTH! 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 
GATCGAAGCT TGCCGCCACC ATGGCGATGA AAGTGGTGTG C 41 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

C STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10, 
CTTCAGTTAA TCCTGTAA 18 
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,niA.T IS CIAIMED IS: 

1. A compound of formula: 



0 



j,__(CH^CH-f-NH-CH-C-NH-R, 

5 .C(-0,OR„ phthalinWo, -KH-SO,R„ ."^ -"H"^^ 

R, i, sele=t.d from rhe group consisting =£ H, 
Kydroxyl. .1^1 having tro. one « ten =.r.on., -nd 
cycioalkyl having £ro» three t= .even carbon., 

i. selected iro» the group consisting =« 

R, is -CH(CH2-R7)-QJ 

^ ^^om the group consisting of -CH-R,, 
Q is selected from tne grw v 

n, nATHCl -C(=0)CH,Br, -C(»0)CHjF, 
-C(=0)CHF,, -C(-0)CF3. -C(-0)C(.0)R,, 



where p 
W is cycloalkyl; 



and q, independently, are 2 or 3; 
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is selected tr^ the grcup c=„.i,ti„, of -«o 
-CN, 2nd -J, " °" 

is -(CH,).-NH-C(.KH)-NH-; 

is .elected the ,ro„p cc„,i„i„, of pheny, 

5 and elkyl hevin, f,o. one to eight cbo 
-in, opt.on.ai. ,„.«itut.d Wth o e T" 
•rvi. o. hete.oet,i ,to„p., 

^"^ 'roup =o„.i,ti„, at .0 
10 and =N-NH-J; ^i-WH; 
R.- is selected fro. the ,roup consisting of 

IZr- — -™ °». tc Six „t.on,. eeid 

i^i ,.o„p hein, optionee, ,„..tituted „ith one or „o„ 
helojen .to.s. .tyi or het.ro.ryl group.; 

J is a protecting group; 

n is an integer from 3 to 10; and 

is an integer from 2 to 5. 

fro. the ^ "^--^ 

fro. the group consisting of -CN, -C(.0)OCH ohth • 
20 and -NH-SO,CF,. " P>^thaUn.ido 



3. compound Of Claim I .herein K, is selected 

from the group consisting of H and cyclopentyl. 

4. The compound of claim 1 wherein R, i, 
-(CH,),-NH-C(=N-R5).NH,. 
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5 Th, compound of clai. 4 wherein i> "lected 
,roup consisting of -HO.. CH, -PMC -«TR, -HTS end 



from 
Tos . 



e. The compound of claim 1 wherein R, is selected 

r, ronsisting of -CH(CH,):, -(CHj):-CH3 and -C.H,. 
5 from the group consisting 

7. The compound of claim 1 wherein Q is -CH-R.. 

, The compound of claim 1 wherein Q is selected 
from the group consisting of .C(»0)CH. .C(=0)CH.Cl, 

r,-O^CHF .C(«0)CHF,, -C(.0)CF3, -C(«0)C(-0)Rm 
-C(«0)CHiBr, -C(=0)CHiF, "J 

r^^^r^ R -Cf'OiCOjH, -B(0H)2, 
10 -C(=01C(»0)NH-R„ -C(=0)CO,-R,, C( U) 



6— (aCHiW: , 0— (CHJp . 0-W , 



The compound of claim 7 wherein Q is ..leered 
fro. the ,roup consisting of -CH-K., -B(OH,., 
-C(=0)C(=0)NH-R,, 

i— .(C(CH,)^ o— (ciyp 
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" -OH. 

-N-OCH,, =N.O-CH,-C.H,, and -NNH-C(-S)-NH,. 

il. The compound of claim l wherein p • 
S fro. the ,„up consisting o. .C(.0,0CH h " 

CH R., R, -CH(CH3),; and R, is -q. 

12. The compound of claim 1 wherein R, is 
-C-N; Rj is cyclopentvl. R i « - •. 
10 . ' selected from the group 

10 consisting of -/ch \ *ju r^. 

g or (CH,),-NH-C(.N-NOj)-NH, and 

-(CH,)3.NH-C(=N-J).NH,; Q is -CH R • p • 



13. The compound of claim 1 wherein is 
-C=N; is cyclopentvl- n <^ ^ ^ 
15 cnn • selected from the group 

-Li consisting of -frn \ ' 
9 (CH,)3-NH-C(-N-N0j)-NH: and 

J NH„ 0 is selected from the group 

consistino of ~n/nu\ 

9 ot B(OH)„ -C(.0)C(.O)NH-R„ 



— B O 

/ I — B 0 

'I and I 
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14. The compound of claim 1 wherein Ri is 
-CN; R. is cyclopentyl; R, is selected fro. the group 
consisting of -(CH,),.NH-C(.N-NO,)-NH: and 

-(CH.),.KH-C(.N-.)-NH.; Q is -CH-R.; R. is -CH(CH3).; and R. is 
5 selected fro. the group consisting of -N-NHCCO-NH. -N-OH, 
=N-0CH3, and "N-O-CHz-CtH, . 

15. A composition for inhibiting multicatalytic 
protease comprising a compound of claim 1 and a 
phamiaceutically acceptable carrier. 

,0 16. A composition for decreasing the loss of 

muscle mass comprising a compound of claim 1 and a 
pharmaceutically acceptable carrier. 

17. A composition for the treatment of muscle 
wasting disorders comprising a compound of claim 1 and a 

15 pharmaceutically acceptable carrier. 

18. A composition of claim 17 wherein the disorder 
1. a muscular dystrophy, cardiac cachexia, emphysema, 
diabetes, leprosy, malnutrition, osteomalacia or cancer 
cachexia. 

. • f<.r- the reduction of Cu/Zn 
2Q 19. A composition for the reauc 

.„Hi.i«r ot .u.tic.«ly.ic pro«..e ... = pharmaceutic. Uy 



acce 



ptable carrier- 



wo 96/14857 

20- Th. co-poBltion Of cl.i„ 1, „h.„i„ 

inhibitor ot .uUictaiytic prot..,. is a co„po„„, 

formula: 



o O 

-(^"A- CH- C - NH- CH- C - NH- R 



^ R 



4 

'3 



wherein 

5 



is selected fron, the group consisting of -CN 
-C(-0,OR„ phthali„ido, -NH.SCR,, and -kh-J; 

is selected fro. the group consisting of H 
hydroxy, al3cyl having fro. one to ten carbons, and ' 
cycloal.,1 having fro. three to seven carbons; 

is selected fro. the group consisting of 

2» wuj, -R4-J, and -R4-CN; 
is -CH{CHi-R,)-Q; 

0 is selected fro. the group consisting of -CH-R 
-C(=0,CH,, -C(=0)CH,C1, .C(=0,CH,Br, -C(.o,CH,F, 
^5 -C(=0)CHr,, -C(=0)CF„ -C(=0,C(.0)R,, 

-C(=0)C(=0).„.R„ -C(.0,CO.-R„ .C(.o,CO,H, .B(OH,,, 



r 9 -B— 0 — n-^ \ 



((^CHjhh O rru^ | | and | | 

, 0 — (CH2)p , 0— W , 0^ NH 

^ / 



where p and q, independently, are 2 or 3; 
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W is cycLoalkyl; 
is selected from the group consisting of -NO,, 

-CN, and -J? 

R, i5 -(CH,).-HH-C(.NH)-NH-; 

B, i, ,ele«.d tron, th. ,roup consisting of phenyl. 
,„a .i.vl havin, «rc. on. to .i,ht =.r.ons, s»ia .Uyl ,rc„p 
..in, option.xay substituted -itH one or »ore h.l=,.n 

aryl, or heteroaryl groups; 

K. is selected from the group consisting of -O, 

and «=N-NH-J; 

R, is selected from the group consisting of 

nydrogen, and al)cyl having from one to six carbons, said 
aDcyl group being optionally substituted with one or more 
15 halogen atoms, aryl or heteroaryl groups; 
J is a protecting group; 
n is an integer from 3 to 10; and 
m is an integer from 2 to 5 . 

. composition for the treatment of a disorder 
.0 Characterised by a reduction in Cu/Zn superoxide dismutase. 
enzyme activity comprising an inhibitor of multicatalytic 
p.otease and a pharmaceutically acceptable carrier. 

22. The composition of claim 21 wherein the 

. ittcatalvtic protease is a compound of 
inhibitor of multicataiyriJ-c e 

25 formula; 
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^ O 

^-(CH^r- CH- C - NH> CH- C - NH^ R 

wherein: 

K. i» selected fr=„ the ,„„p co„,i,.i„, „ 

R> is selected tron, the group ccn.lstin, cf 

-(CH,).-im-C(.H-R,,.8H -R..NO, , 

2' ^ i^U2, -R^-j, and -Rj-CN; 

R. is -CH(CHj-R,)-0! 

-c,-o,c„ ° '""^ - 

C<-0,CH,. -C,.0,CH,C1. -C,.0,CH,Br, -c,.o,CH,r, 

-c,=o,cHr,. -c,.o,cr„ -c,.o,c,.o,r„ 

-C(-O,C,.0,KH-„„ .C,.0,CO,.K,. .c,.o,CO,H. -B.OHn, 



(CH:)q'^ 



where p and q, independently, are 2 or 3; 
W is cycloalkyl; 

R, is selected from the group consisting of -NO , 
and -J; ^' 
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R. is -(CH,).-NH-C(-NH)-NH-; 

R, is selected from the group consisting of phenyl, 
and alKyl having fro. one to eight car.ons, said al.yl group 
.eing optionally substituted with one or more halogen ato.s, 

5 aryl, or heteroaryl groups; 

R, is selected from the group consisting of «0, 
.H.NHC(=0)-NH. .N-OH, ^N-OCH,, ^N-O-CH.-C.H,, =NKH-C ( -S ) -NH. 

and -N-NH-J; 

R, is selected from the group consisting of 

10 hydrogen, and alkyl having from one to six carbons, said 
alkyl group being optionally substituted with one or more 
halogen atoms, aryl or heteroaryl groups; 

J is a protecting group; 

n is an integer from 3 to 10; and 

m is an integer from 2 to 5 . 

23. The composition of claim 21 wherein the 
disorder is amyotrophic lateral sclerosis, Parkinson's 
disease, Al.heimers's disease, Huntington's disease, stroke, 
trauma, or ischemia. 

20 24. A method for inhibiting multicatalytic 

■ ,-nr, contacting a multicatalytic protease wxth 
protease comprising contactmy 

an inhibitory amount of a compound of claim I. 

25. A method for decreasing the loss of muscle 

H^inistering to a patient a therapeutically 
mass comprising administering i^o e 

25 effective amount of a compound of claim 1. 
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the„peuu„x,, . ^^ ^^^^ ^ 

27. The method of claim 26 wherein ..-^ 

*'nerein said disorder 
5 xs muscular dystrophy, cardiac cachexia emnH 

ior,^« , *«cnexia, emphysema, diabetes 

leprosy, malnutrition, osteomalacia or 

axacia or cancer cachexia. 

A ^thod tor reducing the degradation ot Cu/Zn 
superoxide dismutase i • " 

dear H . " * ""^^^ -aid 

degradation is associated with a disease or d • . 
10 bv saiH H«„ ^ disease or disorder caused 

by ...d d.,.edatio„ =o„p.x.,„, ad„i„,,te.i„, to . p.t.e, 
the„pe«icall, e...ctive amount o. .„ 
multicatalytic protease. 



9nt a 



29. Th€ 



of multicatalytic protease is a 



-thod Of Claim 28 wherein the inhibitor 
compound of formula: 



o o 

II ^ 



CH- C - NH- CH- C - NH- R 



I 



wherein: 



is selected from the group consisting of -cn 
-C(=OJOR„ phthalimido, -NH-S0,R„ and -NH-J; 
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R, is selected from the group consisting of H, 
hydroxyl, alkyl having from one to ten carbons, and 
cycloalkyl having from three to seven carbons; 

R, is selected from the group consisting of 
5 -(CH,).-NH-C(-N-R,)-NH:, and -R.-CN; 

R; is -CH{CH2-R7)-Q; 

Q is selected from the group consisting of -CH-R,, 
-C(=0)CH,, -C(=0)CH,C1, -C(-0)CH,Br, -C(-0)CH,F, 
-C(-0)CHFi, -C(-0)CF„ -C(-0)C{-0)R,, 
10 .C(-0)C(.O)NH-R„ -C(-0)CO,-R„ -C(.0)CO.H, -B(OH)„ 

— B — 0 — B — 9 — B Y I I 

II II I I i NH 

0— (C(CH3W2. 0— (oyp. O'W. ^\^^/ 



where p and q, independently, are 2 or 3; 
W is cycloalkyl; 
R3 is selected from the group consisting of -K0„ 

-CN/ and -J; 
15 R, is -(CH,).-NH-C(-NH)-NH-; 

R, is selected from the group consisting of phenyl, 

and alKyl having from one to eight carbons, said alKyl group 

.eing optionally substituted with one or more halogen atoms, 

aryl, or heteroaryl groups; 
20 R. is sel.cz.d from the group consisting of «0, 
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-«-HHC,.0,-»„„ .„.o„. .»-OCH,".;.o.c„,.c.„., .™„.c,.s,..„, 
and »N-NH-J; ' ^ 

X. i> sex.ct.d fr™ the jroup consistin, of 

'2 '"""""^ - - -e 

^aIo,e„ «o„s, aryl het.roaryl ,roups,. 

J is a prctectina group; 

" i» on i„t.9er from 3 to 10, ,„d 

"> is an integer from 2 to 5. 

* """od for the tr..ts,e„t Of disorders 
c..ract.ri„d a reduction in Cu/Z„ ,up,„,,d. di,„utas. . 

'"^^"^ -™ to a patient a 

inhibitor of -ultioatalytio protease. 



31. The method o, claim 30 wherein the inhibitor 

ompound of formula: 



15 Of multicatalytic protease is a c 



^-<CH^~ CH- C - NH- CH- C - NH- R 

I I 4 



I 

wherein; 



^ R. 



R, is selected from the group consisting of -CH 
-=(-0)0R„ phthallmido, -NH-so,R„ and -NH-J, 

R: is selected from the group consisting of « 
0 hydroxyl, al.yl having f.o„ one to ten carbons, and 
cycloallcyl having from three to seven carbons- 
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R, is selected from the group consisting of 
-(CH,).-NH-C(-N-R,)-NH„ -R.-NO^, -^-^ . «nd -R,-CN; 
R, is -CH(CH2-R7)-Q; 

Q is selected from the group consisting of -CH-R., 
5 -C(»0)CH„ -C(-0)CH.C1, -C(=0)CH:Br, -C(=0)CH,F, 
-C(=0)CHF:, -C(=0)CF3, -C(=0)C(«0)R,. 
-C(=0)C(-0)NH-R„ -C(=0)CO.-R,, -C(-0)CO,H, .B(OH)„ 

/°\ 

-B— 0 -B— 0 -B— 0 I I 



0—(C(CRihh . 0— (CHi)p . 0-W . / 



where p and independently, are 2 or 3; 
W is cycloalkyl? 
,0 is selected from the group consisting of -NO,, 

_CN, and -J; 

R, is -(CH,).-NH-C(=NH)-NH-; 

R, is selected from the group consisting of phenyl, 
.nd aDcyl having from one to eight carbons, said al.yl group 
.5 .eing optionally substituted with one or more halogen atoms, 

aryl, or heteroaryl groups; 

R. is selected from the group" consisting of -0, 
..-HHC(=0,-KH. =.-0H, =.-0CH3, ..-O-CH^CH. -KKH-C^ =S , -.H, 

and =N-KH-J; 

20 R, is selected from the group consisting of 

H having from one to six carbons, said 

hydrogen, and allcyl naving 
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